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ABSTRACT 
Chapter I of t h i s study deals w i t h the d i s t r i b u t i o n 
of c e l l u l a r components and growth during the 
d i f f e r e n t i a t i o n and morphogenesis of the reproductive 
s t r uc tu r e 0 sporangiophore,, of Phycomyces blakesleeanus Q 
A non-uniform d i s t r i b u t i o n of nuclei^ mitochondria^ 
nucleic acids g p ro t e in and c e l l w a l l components through-
out the sporangiophore of stage I was found D The above 
r e su l t© gave an understanding of ( i ) the organizat ion of 
the cytoplasm i n the growing region of the sporangiophore 
(with especial emphasis on the apical region)? ( i i ) the 
possible importance of a balance between polymer 
synthesis and hydrolysis i n growth regions; ( i i i ) the 
probable loca t ion of w a l l synthesizing and l y s i n g enzymes„ 
In Chapter I I of t h i s inves t iga t ion* the i s o l a t i o n 
and development of protoplasts i s described 0 A d i f f e r e n t 
capacity f o r w a l l production and development from proto-
plasts released from d i f f e r e n t region of sporangiophore 
i s descr ibed„ Protoplasts from the t i p region were found 
to have a great concentration of nucleic acids and p ro te in 
and also a greater a c t i v i t y i n w a l l production,, A 
c o r r e l a t i o n between the regeneration of protoplasts and 
the i n t e g r i t y of the membrane i n w a l l morphogenesis i n 
general i s descr ibed„ 
Unf 
S E C T I O N 
Library 
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I n Chapter 1I10 the biochemical observation of the 
d i s t r i b u t i o n and recovery of RN& spseies and ribosomes 
during growth and development of the sporangiophore is 
presented. I so la t ions and character izat ions are 
described,, The non-uniform d i s t r i b u t i o n of macromolecules 
was found to be associated w i t h greater recovery of rRNA 
and ribosomal polymers 0 The maintenance of the ap ica l 
growth was seen t o be associated w i t h the loca t ion of 
greater quan t i t i e s of rRNA* ribosomes and also appeared 
to be dependent on the existence of preformed mRNAo 
Abnormal production of w a l l substances was found t o 
be associated w i t h the breakdown of the rREJA and 
ribosomes f r a c t i o n s . 
Conclusions reached from th i s work are that the sub-
ap ica l region of the sporangiophore contains the necessary 
•components t o maintain a high synthet ic capacity f o r 
proteins and c e l l w a l l precursors. This non-uniform 
d i s t r i b u t i o n of metabolism appeared t o be maintained at 
the expense of other regions? i t may w e l l also provide 
the basis f o r the polar properties and the general 
behaviour summed up by the term ' ap ica l dominance 1, 
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lo GEjg*RftL_mroqpUCTION 
PlW^omyces blakesiegapus Burgeff i s a true fungus„ a 
lower eukaryotie saprophytic organism 0 I t belongs to 
the c l a s s ZygomycetesB order Mucrorales 0 The genus 
Phycomyces which was discovered by Kunze (1823) 0 
belongs to a sub-family whose multinucleate vegetative 
spores have been characterized 0 
The l i f e cycle and requirements for development 
of t h i s p a r t i c u l a r fungus have been extensively 
reviewed by Bergman et aj.» B (1969) „ Pincham et a L 0 
(1979) „ The ungerminated vegetative spores,, were 
characterized as being e l l i p s o i d a l 0 non-motile^ multi-
nucleate„ and surrounded by a thick wall» Before 
germination the spores show low metabolic a c t i v i t y 
(see Gregory,1966) which permits s u r v i v a l for long 
periods u n t i l environmental conditions become suitable 
for germination., Germination of spores i s followed by 
subsequent development of coenocytic mycelium 0 The 
asexual l i f e cycle of t h i s fungus i s i n i t i a t e d with 
the formation of foot c e l l s on the substrate hyphae 
from which a e r i a l hyphae (sporangiophores) develop c 
During growth and development of the sporangiophore^ 
four stages of differe n t morphogenetieal development 
have been recognized and c l a s s i f i e d by Castle (1942) as 
w a -
stages I , He, I I I and IV a & b„ The stage I sporangiophore 
has been characterized as having a pointed tapered t i p 
( T r i n c i and Halford 1975)„ Subsequent morphogenesis was 
shown to be achieved by swelling maturation of the 
tapered t i p region forming the so c a l l e d "sporangium' <, 
Further investigations of growth d i f f e r e n t i a t i o n and 
morphogenesis of sporangiophores are described by 
Castle (1958, 1959), Goodell (1971), Cochrane (1974)„ 
Burnett (1976), Gamow a n d Bottger (1977, 1979), Cerda-
Olmedo (1977) and Galland & Russo (1979). 
Numerous studies have been also made on the behavioural 
responses of the different stages of sporangiophore growth 
to such factors as l i g h t , temperature, avoidance and 
gravity (Bergman et al0 , 1969? Bergman, 1972? Johnson 
& Gamow, 1971, 1972; Dennison and Bozof,1973? Ortega et 
a\o0 1974? Cerda-Olmedo,1974? Dennison & Foster,1977)* 
Recently i t was suggested that the sporangiophore may be 
considered as an olfactory organ (Cohen et §Xaf 1979)„ 
Apical growth in the green plant has been an 
att r a c t i v e subject for many b i o l o g i s t s (Wilkins,1969? 
Robarts,1976) * I t has been shown that the stem growth of 
the plant i s controlled by s p e c i a l differentiated c e l l s 
which have been located at the apsx region of the stem s 
Alternatively, the fungus Phycomyees has been chosen as 
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a model eulcaryotic organism for manipulation and study 
of the apical growth and for investigation into the 
ef f e c t s of the apical region on the r e s t of the parts of 
the sporangiophore (see Gamow & Goodell 1969? Goodell 
1971)„ Gruen (1959, 1967), Gruen & Ootaki (1970, 1972), 
and Ootaki & Gruen (1970) found that the isolated 
sporangiophore could grow and undergo the same sequence 
of morphogenesis as i f s t i l l attached„ The amount of 
cytoplasm and i t s r e d i s t r i b u t i o n or reorganization within 
the sporangiophore has been suggested as an important 
factor i n controlling t h i s growth since the migration 
of the cytoplasm supplied from the substrate=hyphae 
through the sporangiophore was found to cease at the 
i n i t i a t i o n of stage I I (Bergman et aXo, 1969)„ 
Degradation of older organelles i n the older region 
along the sporangiophore and u t i l i z a t i o n of the degraded 
substances i n the younger regions has been used as an 
explanation of the dominance of the t i p region. 
The fact that fungal hyphae and sporangiophores 
grow a p i c a l l y has also been established by Burgeff (1915), 
Castle (1958, 1959), Bergman et a l o , (1969), Burnett (1976), 
T r i n c i (1978b). However, i t has been conclusively 
established, by autoradiographic l a b e l l i n g of hyphae of 
different fungi, with c e l l wall constituents, that 
m i c r o f i b r i l constituents are p r e f e r e n t i a l l y deposited i n 
the hyphal apex of- fungi and that maximum incorporation 
©ceurs at the extreme apex,, by Bartnieki-Gareia & 
Lippman (1969)„ Kats & Rosenberger (1970, 1971) 0 
G©oday (1971)„ Collinge & T r i n c i (1974) and reviewed by 
Grove (1978) 0 Gooday (1978) & T r i n c i (1978b) „ Further, 
the integrity of the sporangiophore has been shown to be 
regulated by the t i p region (1=2 rxmD T r i n c i & Halfordj, 
1975? Gruen & Qotaki, 1972) 0 I t was suggested ( T r i n c i ^ 
1978b) that the growth extension at the s i t e where the 
new wall i s deposited can be maintained by a balance 
between the wall l y s i s at the extreme apex and wall 
deposition at a region at the basal end of the tapered 
t i p region^ Additionally 0 v e s i c l e s and other membranous 
l i k e structures have been found to be important organelles 
i n synthesizing and carrying the wall precursors of 
fungi (Weber & Hess,1976)„ The accumulation of the 
v e s i c l e s and membranes at the apical region of the 
sporangiophore (Peat & Banbury,1967? Marchant et al0„ 
1967; Thornton,1968b? Bergman et do, 1969? Hankinson, 
1972? Tu & Malhotra,1973ff 1976? Trinci,1978b)„ was 
suggested to be associated with extension a c t i v i t y and 
with new wall synthesis? also i t was reported that 
v e s i c l e formation and migration might be under the control 
of the sub-apical region*, v e s i c l e s thus may migrate to 
- l i -
the apex where they may eventually coalesce with the 
apical plasmalemma ( T r i n c i , 1978b)„ Thus, the v e s i c l e s 
may accomplish two e s s e n t i a l functions; they may extend 
the plasmalemma surface and also discharge enzymes 
(Girbardt, 1969 and Bartnicki=Garcia, 1973)„ This i s 
only a suggestion, since the exact function of v e s i c l e s 
i s as yet not known., However, the idea that v e s i c l e s 
could possibly carry the wall precursors of the filamentous 
fungi was recently reviewed by Roseriberger (1976 ) , 
Stewart & Rogers (1978) 0 
The a p i c a l extension of the Phycomyces hypha has 
been shown to be maintained by a sharp gradient of active 
c h i t i n synthase that i s rapidly inactivated during the 
t r a n s i t i o n from t i p to the l a t e r a l wall (Ruiz-Herrera & 
Bartnicki=Garcia,1976b)„ Additionally particulate 
zymogen,chitin synthase,was also isolated and tested by 
Thomson & Fischer (1976) and i t has been found to be 
activated by protease ( see also Fischer & Thomson, 1979)„ 
The presence of considerable enzyme a c t i v i t y i n the sub-
apical region of the sporangiophore i n addition to the 
presence of more ribosome, also gives an indication of 
high metabolic a c t i v i t y of the t i p region i n synthesizing 
protein and building new wall (see Jan, 1974; and 
Gooday, 1978) 0 The relat i o n s h i p between apical extension 
•=12= 
and protein synthesis was shown by the e f f e c t of 
cycloheximide i n inh i b i t i n g the apica l growth of hyphae 
of Aspergillus nidulans (Katz & Rosenberger, 1971) and 
growth of Schizophyllum commune (Vries & Wessel, 1975) 0 
I n h i b i t i o n of spore germination i n Phycomyees by eyclo-
heximide and 5-fluor ©uracil analogue was also reported by 
Van Laere et a l o , (1976, 1977) 0 
Thus RS3ft and protein synthesis appeared to have an 
important function i n controlling c e l l wall formation 
and thus the growth of the hyphae (see review by Grove, 
1978; Ojha & Dutta, 1978)„ The in h i b i t i o n of spore 
germination of Phycomyces was attributed to an i n h i b i t i o n 
of c h i t i n synthesis at the tr a n s l a t i o n l e v e l (Van Laere 
et a l o , 1976, 1977)„ 
No further investigations have been reported to 
i l l u s t r a t e the ef f e c t of protein and R3S& metabolism on 
the c e l l w a ll formation and growth extension of the 
sporangiophore of Phycomyceso Such a study i s important 
since i t has been reported that the change i n the 
properties of macromolecules are reflected i n the whole 
organism and represent one of the princi p a l causes of 
natural ageing of l i v i n g matter during spontaneous 
degradation i n time (Pencl, 1978)„ Likewise c e i l s 
resynthesize sub-cellular units but some of the change. 
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e„g„ i n nuclear material and i n c e l l w a l l s , are 
i r r e v e r s i b l e and hence bear d i r e c t l y on the v i a b i l i t y of 
the c e l l 0 During the s t a r v a t i o n or imbalanced condition 
some cytoplasmic components,, p a r t i c u l a r l y RNA, have been 
found to be degraded and u t i l i z e d as biosynthetic 
precursors for synthesizing c e l l material (see Hespell 
& Mertens, 1978)„ Maintenance of a p i c a l t i p growth during 
s t a r v a t i o n of some fungi (see T r i n c i & Righelato, 1970; 
Goodayf 1978? F e n c l , 1978) has been found to occur at 
the expense of other parts of the hypha. Additionally 
the t i p region of fungal hyphae has been shown not to be 
exposed to s t a r v a t i o n as are older parts of the hyphae 
and therefore i t r e t a i n s a higher l e v e l of RNA and protein 
and thus regeneration a b i l i t y (Macheck & Fencl, 1973)„ 
Growth of sporangiophores during i s o l a t i o n or during 
stage IV can be considered to be under starvation 
conditions where the a p i c a l growth extension i s s t i l l 
maintained„ Unique d i s t r i b u t i o n of organelles and 
components at that region may also be contributed to 
i t s r e s i s t a n c e and v i a b i l i t y . 
Any further i n v e s t i g a t i o n for the reorganization 
and determination of the r e d i s t r i b u t i o n of the cytoplasmic 
components and organelles during the regeneration of the 
sporangiophore should ach5.eve a better understanding of 
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the apic a l dominance and thus control of sporangiophore 
growth (see Goodell, 1971? Gruen & Ootaki, 1972) 0 This 
study aimed f i r s t l y to investigate, by cytological 
observations, the role of the cytoplasmic organelles i n 
the growth and development of the sporangiophore, e s p e c i a l l y 
of stage I 0 Secondly the involvement of the protoplasts 
i n extension and regeneration,, Thirdly the d i s t r i b u t i o n 
of RNA and ribosomes during sporangiophore growth„ 
I t was envisaged that the findings of t h i s study 
would contribute to the knowledge of the growth and 
development of Phycomyces 0 
= 15 
2 o gg^ggl LM^RIRLS_ jjgraODS 
Phj^^myceg^ b 1 ake s leeja nus Burgeff CBS Baarn (=) s t r a i n 
was used i n the present work0 I t was grown on 2% 
malt^agar medium in p a t r i dishes„ 
1 0 Groiw^h^c^ndition 
1 01 Sub^C u l t ur e^jmethods 
Sub-cultures were maintained by one of the following 
processes 0 keeping the culture i n a healthy condition,, 
F i r s t l y i t was routinely maintained by transferring the 
2 
inoculum on an agar block (1 cm ) carrying mature 
mycelium already grown^ and producing sporangiophores„ 
The blocks of inocHalum were placed on the surface 
of the new medium,. Secondly„ an inoculum from a 
solution which contained spores (after harvesting 
and activating) was also employed i n maintaining stock 
c u l t u r e s o Spores from the culture supplied were 
harvested from a dense crop of mature sporangiophores 
(stage IV)„ The surface of the culture was wetted 
with autoclaved s t e r i l i z e d water (5 ml for a single 
p l a s t i c p e t r i dish)„ This was followed b^ shaking 
the p e t r i dish)„ a l t e r n a t i v e l y ^ mature 
sporangiophores were picked up with fine s t e r i l i s e d 
forceps„ The contents of a sporangium were squeezed 
out and mixed with s t e r i l e water i n a small fl a s k * 
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The spore suspension thus produced, was then transferred 
to the s t e r i l i z e d water f l a s k of 50 ml capacity 0 
Before inoculating, spores i n suspension were 
activated at 48°C for 8 minutes 0 Heat activation was 
associated with shaking,, 1 ml of spore suspension was 
usually used to inoculate 350 ml of l i q u i d medium i n 2L 
capacity f l a s k or onto s o l i d medium i n a p a t r i dish„ Heat 
shock was used to break the dormancy of the spore and 
activate the germination (see Ramadani,1978)„ To obtain 
mycelium, inoculated l i q u i d medium was shaken on an 
o r b i t a l shaking machine (150 rev/min. ) to agitate the 
spore suspension from inoculation, while mycelial develop-
ment continued 0 After 48 hours of shaking, f l a s k s 
containing already grown mycelium were transferred to a 
growth chamber to produce sporangiophores 0 Growth was 
continued under overhead illumination, from 20 W 
fluorescent l i g h t and temperature of 23 ± 2°C, see Plate 
1(1) o Keeping the f l a s k s with the grown mycelium i n <*. 
shaking condition, showed to i n h i b i t the growth of 
sporangiophoreo The cap a b i l i t y of the mycelium to 
produce a floating a e r i a l substrate-hyphae and then 
produce a sporangiophore was apparent when the culture 
was kept without shaking,, Inoculated p e t r i dishes were 
also kept i n the growth chamber under s i m i l a r conditions 
as described above„ 
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1<>2 Growth media 
jZ5degar's (1952) minimal medium was usually used for 
producing a maximal growth of Phycomyces«, The following 







MgS0.„7H-0 ^ 4 2 0.5 gm 
CaCl 2.2H 20 80 gm 
ZnS0..7H_0 4 2 0.44 mg 
F e C l 2 o 6 H 2 0 0.32 mg 
Thiamine 50 mg 
The chemicals were of Analar grade and the water was glass 
d i s t i l l e d , but no s p e c i a l precautions were taken to 
exclude minute traces of other substances i n the water or 
chemicals employed. 
-J 
Solid medium was achieved by addition of 20 gm-L agar to 
the previous medium. Prepared medium and containers were 
o -3 autoclaved for 15 minutes at 120 C under 1 Kg-Cm . 
Nitrogen limited medium was achieved by addition of 1.5 gm„Ii ^  
Asparagine to the previous medium instead of 3.5 gm.L «^ This 
was used i n some cases during the induction of synchronization 
(see Smith, 1978) and regeneration of sporangiophores„ 
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3. METHODS FOR S PORA 3^ XOPHORE^ SYNCHRONXZAT ION 
Four stages of ^ Phyjgomyees blakesleeanus sporangio-
phore growth and development were observed a r i s i n g 
from the surface of inoculated media,, Stage I sporangio-
phores were the main object of the present study. To 
provide material for precise a n a l y s i s , i t became 
desirable to achieve nearly synchronized growth and 
development. Two main procedures have been usedo 
Treatments to achieve synchronization i n development 
1. From a spore suspension 
A spore suspension was prepared as mentioned above. 
The spores were centrifuged and the spore p e l l e t washed 
repeatedly with s t e r i l i z e d d i s t i l l e d water, A volume of 
20 ml was used i n each step, accompanied by vigorous 
shaking to break up any spore clumps, which might give 
irregular spore germination and less synchronisation i n 
growth. Activation of the washed spores, free from 
clumps, was brought about by repeated heat-shock for 
o 
2=3 minutes at a temperature of 30 C in a water bath. 
Each shock was a treatment which was repeated three to 
fiv e times, with cooling between each treatment. This 
was found to produce a good y i e l d of spores showing 
synchronization of germination. Increasing the 
temperature and the time of heat activation impaired 
spore v i a b i l i t y and synchronization of germination,, 
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Inoculation with washed activated spore suspensions produced 
i n t h i s way, can be used for both l i q u i d and s o l i d media, 
and i t resulted i n synchronisation i n the growth and 
developmental stages of sporangiophores„ 
Another method was sometimes employed which was a 
modification of the procedure described above. Young 
mycelium which was growing i n shaken l i q u i d culture was 
f i l t e r e d off by suction onto f i l t e r paper or f i l t e r cloth. 
The f i l t r a t e was washed with s t e r i l i z e d d i s t i l l e d water„ 
The mycelial mat produced i n t h i s way was cultivated on a 
shallow layer of l i q u i d medium., The shallow layer of the 
l i q u i d medium was covered with a permeable membrane (cello= 
phane), keeping the mycelium f l o a t i n g over the surface of 
the l i q u i d medium,, The permeability of the wetted membrane 
was not tested? i t was well wetted with the l i q u i d medium 
and provided e f f e c t i v e support for surface growth„ The 
implication of the method i s to induce the formation of the 
sporangiophore by a sudden aeration of the mycelium. The 
sudden aeration of the vegetative cultures of filamentous 
fungi has been shown to give synchronization (Smith,1978)„ 
This method gave a good synchronization of sporangiophore 
production* The practice of using a shallow layer of 
l i q u i d medium was shown to produce a small y i e l d of 
sporangiophores. However, using a large quantity of 
»20. 
l i q u i d medium such as 350 ml, has been shown t o produce 
dispersed and loose myeelia„ 
2 0 j X ^ - ^ ^ - ^ ^ J ^ ^ T j ^ y ^ 9 6 already qgo^[n_on_aqaj; 
minima 1 jne_d i um 
A piece of agar (equal t o a whole area of a s o l i d 
medium i n the p e t r i dish) c a r r y i n g the substrate-hyphae, 
was placed g e n t l y onto the surface of the l i q u i d medium 
(350 ml i n 2L f l a s k ) <. Care was taken t o avoid the s i n k i n g 
of the agar pieces i n the l i q u i d medium. The s u b s t r a t e -
hyphae which were grown on the surface of the agar 
developed better„ from spores which had been t r e a t e d t o 
a c t i v a t e germination and also growth synchrony (see above)» 
Glass casserole dishes were al s o used as growth vessels 
i n large scale p r o d u c t i o n of sporangiophore, bearing i n 
mind t h a t a l l growth vessels and medium were autoclavedc 
h good y i e l d of s y n c h r o n i z a t i o n and growth were obtained 
by t h i s method„ 
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CHAPTER I 
Growth and C y t o l o g i c a l Studies 
-22 
- INTRODUCTION 
C y t o l o g i s t s have long been searching the hyphal 
t i p of f u n g i f o r i n t e r n a l s t r u c t u r e s t h a t might o f f e r 
a clue t o the mechanism of a p i c a l growtho Brunswick 
(1924) and Gi r b a r d t (1956) found a p l a u s i b l e candidate 
f o r the c y t o l o g i c a l basis of a p i c a l growth i n a 
densely staining,, a p i c a l body f f 1 s p i t z e n k o r p e r ' seen 
i n the t i p s of f i x e d hyphae of Coprinus 0 Moreover 
G i r b a r d t (1957) McClure e t a l , , (1968) and reviewed by 
B a r t n i c k i - G a r c i a (1973), and Grove (1978) found the 
changes i n the d i r e c t i o n of hyphal growth could be 
c o r r e l a t e d w i t h p r i o r changes i n the p o s i t i o n of the 
'spitzenkorper' a t the t i p of the hyphae of the 
Ascomycetes and some Basidiomycetes„ 
The d i f f e r e n t s t r u c t u r e s of the t i p r e g i o n of 
filamentous f u n g i were e x t e n s i v e l y reviewed by 
Burnet t (1976) » E a r l y i n d i c a t i o n s were t h a t the protO' 
plasm of the growing t i p of the hyphae of Phycomyces 
were s t r u c t u r a l l y and f u n c t i o n a l l y d i f f e r e n t from 
t h a t of the r e s t of mycelium i n t h a t they had an 
a p i c a l cap l i k e s t r u c t u r e (Bergman e t a l . , 1969? 
Burnett,, 1976) as do other r e l a t e d members of the 
Zygomycetes (McClure e t a l o „ 1968? G i r b a r d t , 1969? 
Grove & Bracker f f 1970)„ Such s t r u c t u r e s were defined 
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as v e s i c l e s , see reviews by Grove (1978) and T r i n c i 
(1978b)„ 
I n v e s t i g a t i o n s i n t o the i n t e r n a l s t r u c t u r e of the 
sporangiophore during growth and development were c a r r i e d 
out by Marchant e t a l o t (1967)„ Peat & Banbury (1967), 
Thornton (1968a,b), Zalokar, (1969), Bergman e t a l P , 
(1969), Flanagan (1970), Tu et, a l 0 , (1971), F r a n k s 
Reau (1971), Hankinson (1972), Tu & Malhotra (1973, 
1975, 1977), using both e l e c t r o n and phase c o n t r a s t 
microscopyo I t has been shown t h a t the growth and 
development of the sporangiophore was associated w i t h 
the d i f f e r e n t i a t i o n of cytoplasmic o r g a n e l l e s 0 D i f f e r e n t 
shapes of the mitochondria have been found along the axis 
of sporangiophore (Tu & Malhotra, 1975? Tu _et a l . , 1971), 
which suggests the presence of d i f f e r e n c e s i n metabolic 
a c t i v i t y . The n o n u n i f o r m d i s t r i b u t i o n of the c e l l u l a r 
components was found associated w i t h a p i c a l extension of 
the t i p r e g i o n of the sporangiophore„ Use of the e l e c t o n 
microscope showed t h a t the apex r e g i o n had a greater 
c o n c e n t r a t i o n of vesicles„ w i t h the apparent l a c k of other 
organelles„ 
N u c l e i , ribosomes, mitochondria and endoplasmic 
r e t i c u l u m were found most abundant i n the sub-apical 
r e g i o n 0 An understanding of the growth of the h i g h l y 
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p o l a r i z e d r e g i o n of the sporangiophore tip,? i s necessary 
t o i l l u s t r a t e -the i n h i b i t i o n or s t i m u l a t i o n of growth 
(Ootaki & Gruen* 1970)„ Further i n v e s t i g a t i o n s are needed 
i n t o the i n t e r r e l a t i o n s h i p s between induced d i f f e r e n t i a t i o n 
and morphogenesis and the d i s t r i b u t i o n of organelles 
along the sporangiophore„ The c o r r e l a t i o n between the 
d i s t r i b u t i o n of the RNA, n u c l e i and p r o t e i n d u r i n g w a l l 
synthesis could be an important f a c t o r i n determining w a l l 
synthesis a c t i v i t y d u r i n g r e g e n e r a t i o n and growth (Gamow 
& Goodell, 1969? Goodell, 1971? Grueh & Ootaki, 1970, 
1972)o 
The g r a d i e n t i n the a c t i v i t y of the c h i t i n synthase 
a t p a rts d i s t a n t from the t i p r e g i o n (McMurrough & 
B a r t n i c k i H S a r c i a , 1973? Ruis=Herrera & B a r t n i c k i - G a r c i a , 
1976b) could p o s s i b l y be r e l a t e d t o the gradient a c t i v i t y 
of organelles as suggested i n f u n g i i n general by Lahos 
e t (1970), Fencl (1978)„ The accumulation of RNft 
at the t i p of Neurospora crassa was shown t o be associated 
w i t h a d e c l i n e i n c o n c e n t r a t i o n of RNA at the p a r t s below 
the t i p r e g i o n (Zalokar, 1959b)„ An increased supply of 
l i b e r a t e d compounds p o s s i b l y are needed f o r m a i n t a i n i n g 
a p i c a l growth of filamentous f u n g a l hyphae (Fencl 0 1978? 
M a r t i n & Demain, 1978? Stewart & Rogers, 1978)„ 
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The e f f e c t of the organelles such as ribosomes and 
mitochondria i n c o n t r o l l i n g the d i f f e r e n t i a t i o n and 
morphogenesis of f u n g i , have been shown durin g growth 
of zoospores of B l a s t o e l a d i e l l a entersonii and Allomyces 
and conadia of Neurospora crassa (Cantino e t aJU, 1963? 
Tu r i a n & Viswanathan, 1966? T u r i a n , 1975? L o v e t t , 1975)„ 
The growth of these above f u n g i was shown t o be c o r r e l a t e d 
w i t h the f r e e nature of ribosomes and mitochondria i n the 
cytoplasm,, The a c t i v i t y of the sporangiophore of 
Phycomyces has been shown t o be a f f e c t e d by t r a n s p l a n t i n g 
of n u c l e i (Ootaki e t aJU B 1974, 1977)„ This proved t h a t 
n u c l e i survived and maintained t h e i r f u n c t i o n a l a c t i v i t y 
d u r i n g the manipulation,, C o r r e l a t i o n s between the n u c l e i c 
a c i d and protein? d u r i n g growth and d i f f e r e n t i a t i o n of the 
hyphaa of filamentous f u n g i have been r e c e n t l y reviewed 
by Ojha & Dutta (1978)> Wright (1978), Bramble e t &XOB 
(1978), B u l l & T r i n c i (1977 ) , Smith (1978), M a r t i n & 
Demain (1978), Walsh & Wright (1978) 0 I t i s known t h a t 
hyphal t i p growth i s the p r i n c i p a l means by which 
filamentous f u n g i expand t h e i r hyphae„ Hyphal t i p 
growth has been e x t e n s i v e l y described .fey Bergman e t a l 0 , 
(1969)? Grove (1978), T r i n c i (1978b), although the 
precise mechanism of i n c o r p o r a t i o n and r e g u l a t i o n of 
m a t e r i a l f o r hyphal extension has yet t o be f u l l y 
explained ( B u r n e t t , 197©)„ There i s , Bowevar, a 
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considerable amount of u l t r a s t r u e t u r a l and biochemical 
evidence t o suggest t h a t the apex d i f f e r s both 
s t r u c t u r a l l y and cytoehemically from the main body ©f the 
hyphae (see Zalokar* 1959a*b? G u l l & T r i n c i * 1974? 
St e e l & T r i n e i f f 1975? B u r n e t t , 1976) o For example* 
p r o t e i n * RN&* n u c l e i and mitochondria are d i s t r i b u t e d 
f a i r l y evenly throughout a c t i v e l y growing u n d i f f e r e n t i a t e d 
mycelia or leading hyphae ( N i s h i e t a3.oi, 1968? Fencl e t 
a l 0 o 1969? and see review by T r i n e i * 1978a 0h) „ ' T s l a s i 
(1978a) c i t e d t h a t some morphological and biochemical 
gradie n t s occuring i n hyphae and i n p a r t i c u l a r * the t i p s 
of hyphae* are always morphologically and b i o c h e m i c a l l y 
d i f f e r e n t i a t e d from other p a r t s of the mycelium* a„g 0 
they c o n t a i n v e s i c l e s (Grove & Bracker* 1970) and are 
r i c h i n c h i t i n synthase a c t i v i t y (Gooday,1971) but l a c k 
n u c l e i and mitochondria (Zalokar* 1959b) 0 T r i n c i (1978a) 
also suggested t h a t * mechanisms which r e l a t e and 
i n t e g r a t e the synthesis of c e l l u l a r components d u r i n g 
growth and development of f u n g i e x i s t i n the more or less 
homogenous d i s t r i b u t i o n of maeromoleeules,enzymes and 
organelles i n the a p i c a l compartments of leading hyphae„ 
Since i t i s necessary t o know which consfeiSpents o f the 
c e l l u l a r components are i n v o l v e d and more p a r t i c u l a r l y 
which of these are c r i t i c a l and l i m i t i n g t o the r a t e of 
the w a l l extension of sporangiophore* the l o c a t i o n of 
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nuclei„ mitochondria and ribosomes is of importance as 
suggested by work i n l i v i n g systems by McClure e t a l 0 0 
(1968)„ and reviewed by D'amato (1976), Nagl (1976), 
Novikoff & Holtzman (1976)„ I n f o r m a t i o n from the l i g h t 
microscope w i t h s e l e c t i v e s t a i n i n g methods and physio-
l o g i c a l s tudies should a l l add t o the c u r r e n t understanding 
of the, c y t o l o g y of hyphal t i p growth of filamentous f u n g i . 
I t i e now widely accepted t h a t the primary c r i t i c a l 
f a c t o r ( s ) c o n t r o l l i n g c e l l u l a r d i f f e r e n t i a t i o n i s 
d i f f e r e n t i a l gene a c t i v a t i o n (Axelrod e t a3L0<7 1973? 
Lewis, 1974, 1976? Orlowski & Syphered, 1977, 19788^? 
Smith,1978)o Thus q u a l i t a t i v e and/or q u a n t i t a t i v e changes 
i n r a t e s of n u c l e i ^ n u c l e i c acids and p r o t e i n synthesis 
are b e l i e v e d t o be major v a r i a b l e s l i m i t i n g d i f f e r e n t i a t i o n o 
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1 o Growth and me a s ug e men t s 
1 o 1 Measurement _of growth of a_ttached 
^PJ^^qj.opho^s_wj.th_^cqn^lej^e_jfcig 
l o l o l The_len£th 
Length measurement was commenced a t the time of 
i n i t i a t i o n of the pointed t i p of the sporangiophore 0 A 
c a l i b r a t e d t r a v e l l i n g microscope was used 0 The c u l t u r e 
was placed on the l e v e l of the o p t i c a l axis of the micro-
scope,, Care was taken t o minimise handling of the 
c u l t u r e s or any manipulation, which might lead t o abnormal 
r e s u l t s o Under s u i t a b l e c o n d i t i o n s , growth was measured 
a t i n t e r v a l s of 0, 2, 4, 8, 12, 24, 48 h r s 0 The l e n g t h 
measurements were p l o t t e d against the age of the sporangio-
phoreSo This also could be done on the second crop of 
sporangiophores (Gruen,1959)„ Obtaining second or several 
consecutive crops was achieved by h a r v e s t i n g the previous 
crop of sporangiophores using f i n e s t e r i l i z e d f orceps, and 
t a k i n g care t o avoid damaging the surface mycelium, 
L L 2 The weight 
Dry weights were r o u t i n e l y used f o r growth 
measurementso They were made by h a r v e s t i n g 
sporangiophores at the same periods of measuring 
l e n g t h , as shown above„ S i m i l a r c u l t u r e was also used a 
Dry weight was obtained by p l a c i n g the sporangiophores 
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i n the oven at 50 C u n t i l constant weight values were 
obtained,, Each reading was repeated three times„ the 
mean values were c a l c u l a t e d and were p l o t t e d against the 
le n g t h of sporangiophores„ 
1<>2 Measurement. of growth of i s o l a t e d 
^porangiophores ( i n t a c t s t r u c t u r e ) 
l c r 2 o l Jteoj.atj.on_and_ subsequent c u l t u r e i n l i q u i d 
medium 
The c u l t u r e chamber f o r i s o l a t e d sporangiophores was 
set up i n the manner i l l u s t r a t e d i n Plate 1 ( 2 ) , S t e r i l e 
t r ansparent c y l i n d r i c a l j a r s , 9 cm high? w i t h screw l i d s 
about 9 cm i n diameter (A) „ served as an outer enclosure. 
When the j a r s were inverted„ an open p e t r i d i s h c u l t u r e 
could be f i t t e d i n t o the l i d f f and i t was covered by the 
transparent c y l i n d r i c a l body of the j a r , A small amount 
of petroleum j e l l y was smeared along both long edges of 
glass s l i d e s o 
L i q u i d n u t r i e n t medium or water was added t o the 
small inner dish (B) t o a depth of about 0,7 cm, 
A d d i t i o n of l i q u i d s o l u t i o n t o a greater depth than 
0,8 cm was l i a b l e t o wash loose the i s o l a t e d sporangio-
phores o 
Controls w i t h s t e r i l i z e d water were also i n c l u d e d , 
Sporangiophores were plucked up from the mycelium w i t h 
very f i n e forceps and g e n t l y attached t o the edges smeared 
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w i t h petroleum jelly„ Seven t o e i g h t sporangiophores 
could be stuck along one s i d e , and the same number along 
the second side of the long edges„ 
The s l i d e was placed as i n B across a 5 cm diameter 
d i s h w i t h the basal ends of the sporangiophores d i p p i n g 
i n t o l i q u i d medium or water, and the assembly c e n t r a l l y 
placed w i t h the small d i s h c e n t r a l l y placed i n the l i d of 
the i n v e r t e d j a r , which when replaced, covered and 
prot e c t e d i t 0 The minimal medium was t e s t e d f o r freedom 
from contamination by s t r e a k i n g a l o o p f u l onto the s o l i d 
medium (see above) in c u b a t i n g and examining f o r colonies 
of any c o n t a m i n a t i o n Each j a r was incubated i n the 
experimental growth chamber (photographed i n Plate 1(2)) 
w i t h overhead f l u o r e s c e n t l i g h t ( 2 0 1 ) and at room 
temperature 23 ± 2°C„ Synchronized sporangiophores i n 
stage I of d i f f e r e n t i n i t i a l lengths 10, 15, 20, 25, 30, 
40 mm were used„ Each le n g t h experiment was repaated 
three times, t a k i n g i n t o account t h a t a l l of the sporangio-
phores were nearly a t the same age and same length„ 
Increases i n length were measured as explained above a t 
i n t e r v a l s of 0, 2, 4, 8, 12, 24, and 48 hours, and the dry 
weight was determined at 0, 12 and 24 hours„ 
As an a l t e r n a t i v e t o s t i c k i n g the sporangiophores 
against a petroloum smeared edge of a s l i d e , sporangiophores 
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were also placed i n s i d e the open t o p of a t e s t tube 
n e a r l y f i l l e d w i t h l i q u i d medium or s t e r i l i z e d water 0 
The base of each sporangiophore dipped i n t o the l i q u i d 
and a f i l m held by c a p i l l a r y a c t i o n between the glass and 
the lowest few millimeters of the sporangiophore served t o 
r e t a i n them i n p o s i t i o n as shown i n Figure (1(1))„ 
lo2- 0-2 i s o l a t i o n and subsequent c u l t u r e i n s o l i d 
medium 
I s o l a t e d sporangiophores of stage I were also 
c u l t u r e d on the s o l i d minimal medium ( c o n t a i n i n g 20 g«L 
agar)„ The method has been modified from t h a t used by 
Gruen & Ootaki (1970* 1972)„ Agar blocks were cut i n t o 
pieces 5 mm i n length 2 mm i n width and about 3 mm deep 0 
This size was the same f o r a l l experiments* Sporangiophores 
10-20 mm i n length were c a r e f u l l y placed on the agar 
piece„ The tapered apex and open base of each sporangio-
phore overlapped the agar and extended beyond i t (see the 
diagram i n Figure (1(2) )•> Great care was taken t o avoi<3 
damage t o the sporangiophore and p a r t i c u l a r l y t o i t s apex 0 
For c o n t r o l and comparison* i s o l a t e d sporangiophores were 
also c u l t u r e d i n water„ 
The capacity of the i s o l a t e d and manipulated sporangio-
phores t o grow and regenerate was measured at i n t e r v a l s 
corresponding t o the usual length increase measurement,, 
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A l l c u l t u r e s i n p r o t e c t i v e j a r s , were incubated i n the 
i l l u m i n a t e d chamber, under the usual c o n d i t i o n s . 
l o 3 jfea^uremgnt_ojg_qrowth of i s o l a t e d sppranqiophores 
Using the same i n c u b a t i o n procedure as f o r f u l l 
l e n g t h sporangiophores, experiments were al s o undertaken 
w i t h sporangiophores cut i n t o segments„ The c u t t i n g up, 
was undertaken, using s t e r i l i z e d f i n e s c i s s o r s and 
forceps, or s t a i n l e s s s t e e l razors w i t h platinum hardened 
edges„ Before the c u t t i n g , each sporangiophore was 
placed on a 2% agar b l o c k as a supporter, then a sharp 
perpendicular cut was achieved w i t h o u t squashing the 
sporangiophore edges 0 Sporangiophores were c u t i n t o 
approximately equal segments of 3 - 5 mm s t a r t i n g w i t h a 
c e r t a i n stage I sporangiophore about 1 5 - 2 0 mm l o n g 0 The 
extreme apex of the sporangiophore or the tapered t i p 
( 1 - 2 mm) was included as p a r t of the a p i c a l segment i n 
some instances, and cut away from the a p i c a l segment 
i n o t h e r s . Figure 1 ( 3 ) shows diagram of the segments 
along sporangiophore of stage l„ 
Segmented sporangiophores were c u l t u r e d on s o l i d 
minimal medium, observing the procedures and precautions 
mentioned above, and also on water as a c o n t r o l . 
xs oranaa.o s 
l o 3 « l I s o l a t i o n and subsequent c u l t u r e of sporangio-
re se en 
Figure (1) 
1= Diagram shoeing the system f o r c u l t u r i n g 
i s o l a t e d sporangiophores i n s i d e the open t o p of a 
t e s t tube* 
2 0 Diagram showing sporangiophore d u r i n g e u l t u r i n g 
on a piece of s o l i d medium,, 
3 o Diagram of segments* c u t from spprangipphoire 
of stage i» 
<H- S P P H 
O- T U B E 
<H- S O L U T I O N 
1 
SPPH kj- P E T R I D I S H 
V//////7777-. Z AGAR r 
1 B A S E M I D D L E T I P 
M S U B - A P E X M 
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Analysis procedures were followed as mentioned above f o r 
len g t h increase and weights measurements, under s i m i l a r 
growth c o n d i t i o n s , For each segment? observations were 
made of the number,? nature and l o c a t i o n of regenerated 
s t r u c t u r e s a t each end G Corresponding records were al s o 
kept f o r sporangiophores t h a t were not subdivided i n t o 
component segments. The experiments were repeated three 
or f o u r times t o determine the consistency ©f the r e s u l t s , 
2, C y t o l o g i c a l study 
The c y t o l o g i c a l experiments covered studies of the 
processes o f : ~ 
Small cubic glass w e l l s (3 cm x 3 cm x 1 cm) provided 
w i t h t i g h t f i t t i n g stoppers were used f o r the process. 
Glass j a r s w i t h f i t t e d stoppers were also used. The 
l a t e r ones were used when a complete s l i d e c a r r y i n g the 
pr e p a r a t i o n needed t o be immersed i n the solu t i o n s ? w h i l e 
the former equipment was used when i n d i v i d u a l sporangio= 
phores were manipulated, 
2 o 1 F i x a t i o n 
As a p r e l i m i n a r y test? f r e e z i n g w i t h s o l i d CO^ and 
d r y i n g w i t h absolute e t h y l a l c o h o l ? was used w i t h the aim 
i  logic 
2,1 F i x a t i o n 
2,2 Washing and mounting 
2 „3 S t a i n i n g of n u c l e i 
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of o btaining a good f i x a t i o n , but t h i s gave poorer 
preparations„ F i x a t i o n was a l s o c a r r i e d out under 
vacuum,, i n order t o f a c i l i t a t e the p e n e t r a t i o n of 
f i x a t i v e s o l u t e s and a l s o i n obtaining uniform time 
fixati o n . , T h i s method was found t o take longer periods 
and at times cytoplasmic d i s l o c a t i o n and d i s o r g a n i z a t i o n 
was s e e i i o 
Many t r i a l s were made, aimed at a c h i e v i n g proper 
f i x a t i o n of sporangiophore contents with the n a t u r a l 
l o c a t i o n of protoplasmic c o n s t i t u e n t s preserved, 
Sporangiophores were c a r e f u l l y plucked up from the 
c u l t u r e s , so no i n t e r n a l damage was caused. D i f f e r e n t 
kinds of f i x a t i v e s were used; 2=4% glutaraldehyde i n 0 olM 
phosphate b u f f e r a t pH 7,0, a c e t i c a c i d - a l c o h o l (1:3 
v/v, Carnoy f i x a t i v e ) , f o r m a l i n = a c e t i c acid=alcohol 
(2:1:3 v : v : v ) , f o r m a 1 i n - a c e t i c a c i d (2:1 v / v ) , 
f o r m a l i n - a l c o h o l (2:3 v / v ) , and 1% s o l u t i o n osmium 
t e t r o x i d e , were used (see Peacock, 1958? Gurr 1960? 
Jensen, 1962) , 
D i f f e r e n t ways of manipulating sporangiophores 
during f i x a t i o n were a l s o employed, Sporangiophores 
were f i x e d i n s j l t u (at the time when sporangiophores were 
attached to t h e parent c u l t u r e ) , h piece of agar 
c a r r y i n g s u r f a c e mycelium and sporangiophores or a piece 
of the substrate-hyphae with sporangiophores s p a r s e l y 
d i s t r i b u t e d , were cut out of the c u l t u r e and submerged 
i n one of the fixatives„ T h i s method was used to 
minimize the e f f e c t of the mechanical handling,, which 
might produce preparations with displacement and 
d i s o r g a n i z a t i o n of sporangiophore c o n t e n t s 0 The i s o l a t i o n 
of sporangiophores, with very f i n e f o r c e p s , was shown to 
give no d i s l o c a t i o n or disorganization,, Time and 
r e s o l u t i o n s of the prepa r a t i o n s are shown i n the 
s t a i n i n g method„ 
Sporangiophore c u t i c l e s present d i f f i c u l t i e s i n 
p e n e t r a t i o n of the s o l u t e s of f i x a t i v e s , and during 
washing and staining,, Attempts were c a r r i e d out to 
minimize i t s e f f e c t - Treatment of sporangiophores with 
0 o 2 % of each of Tween 80 and T r i t o n X«lQO f o r 15 minutes 
before the f i x a t i o n , was employed„ Sporangiophores were 
a l s o f i x e d with f i x a t i v e s o l u t i o n s which contained 0,2% 
of each of Tween 80 and T r i t o n X=100o Comparing these 
two methods, the l a t t e r method gave a b e t t e r p e n e t r a t i o n 
of f i x a t i v e ' s solute,, The disadvantage of t h i s method was 
the b u r s t i n g of the t i p r e g i o n of sporangiophores which 
were shown i n some preparations„ 
Treatment of sporangiophores with 0„1M KOH (Carnoy / 
1870) f o r 13 minutes before the f i x a t i o n , has been shown 
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to give b e t t e r observations than those described above„ 
Most of the other f i x a t i v e s did not giv@ as good 
r e s o l u t i o n and uniform f i x a t i o n as did a c e t i c a c i d ~ 
a l c o h o l o I n a d d i t i o n a c e t i c a c i d - a l c o h o l f i x a t i v e a l s o 
gave a good s t a i n i n g f o r RKa„ DNA0 n u c l e i and protein,, 
s i n c e i t was considered (Jensen,, 1962) t o be the b e s t 
f i x a t i v e f o r the macromolecules„ The sporangiophores 
were a l s o t r e a t e d with 0 olM KOH, then washed i n d i s t i l l e d 
water f o r 2=3 minutes to remove any excess of the base and 
then f i x e d i n a c e t i c - a c i d a l c o h o l 0 A f t e r f i x a t i o n , 
washing the sporangiophores f r e e from a c i d and mounting 
the specimen were necessary steps i n the c y t o l o g i c a l 
studyo 
2 D2 Washing and mounting 
F i x a t i o n procedures u s u a l l y should be followed by 
washing away any excess of the f i x a t i v e t o prevent i n t e r = 
ference with the s t a i n i n g s o l u t i o n and to minimise 
r e s o l u t i o n (Cohn, 1969)„ S o l u t i o n f o r washing was chosen 
according to the s t a i n which was t o be employed a For 
example 0 washing the p r e p a r a t i o n w i t h an a l c o h o l was 
p r e f e r r e d when an a l c o h o l i c s t a i n i n g s o l u t i o n was to be 
used (Peacock, 1958? Jensen, 1962)„ Washing s o l u t i o n s 
are included with d e t a i l s of s t a i n i n g 0 
Sometimes during p r e p a r a t i o n and p a r t i c u l a r l y during 
the dehydration s t e p s 0 the sporangiophores became c u r l e d 
and determining the d i s t r i b u t i o n of o r g a n e l l e s was 
d i f f i c u l t , , For t h i s reason and a l s o f o r minimizing the 
e f f e c t of mechanical manipulation on the d i s t r i b u t i o n of 
cytoplasm,, sporangiophores were l i n e a r l y f i x e d with egg 
albumin (see appendix) with t h e i r long a x i s straight,, 
A c l e a n and dry s l i d e was rubbed with a drop of the egg 
albumin,, Sporangiophores were gently lowered on to the 
s l i d e and a drop of water was a l s o added 0 Sporangiophores 
were c a r e f u l l y s t r a i g h t e n e d on to the s l i d e w i t h the h e l p 
of a tooth p i c k or a f i n e needle,, The preparations were 
d r i e d i n a i r (15-30 minutes) at room temperature 23 ± 2°C„ 
The preparations then can be subjected to the f o l l o w i n g 
s t e p s of c y t o l o g i c a l procedures 0 
The f o l l o w i n g dyes were used f o r s t a i n i n g f i x e d 
sporangiophores s 
The p r e p a r a t i o n s of these dyes and of the other r e l a t e d 
c y t o l o g i c a l s o l u t i o n s are described i n the appendix,, 
Methods used f o r s t a i n i n g sporangiophores are d e s c r i b e d 
below„ 
Zt> 3 Stamxna of nuclex 
l o Feulgen s t a i n 
2„ Giemsa s t a i n 
3 0 A c r i d i n e orange s t a i n 
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1 0 Fgulgen s t a i n 
The method discovered by Feulgen-Rossenbeck and 
des c r i b e d by Robinow (1957), Davison (1968a cb), 
Hawker e t a l . f (1968) was used f o r s t a i n i n g DHA„ 
Sporangiophores were f i x e d i n v a r i o u s f i x a t i v e s (see 
above) f o r 1 hour a f t e r being t r e a t e d to remove the 
c u t i c l e o They were washed i n d i s t i l l e d water f o r 10 
minutes and then they were hydrolysed i n IN HCl a t 60°C 
f o r 8 minutes; the j a r s c o n t a i n i n g the a c i d s o l u t i o n 
were held at 60°C i n a water batho The preparations were 
immediately washed f o r 8 minutes i n d i s t i l l e d water a f t e r 
h y d r o l y s i s 0 to remove any a c i d excess„ T h i s was followed 
by p l a c i n g the preparations f o r 90 minutes i n a s e a l e d 
j a r c o n t a i n i n g s t a i n s o l u t i o n which was kept i n the dark. 
Preparations were then washed i n sulphur dioxide water 
(see appendix) f o r 15 minutes 0 u n t i l excess s t a i n was 
removed 0 except f o r t h a t bound i n the nuclei„ At f i r s t 
attempt t h i s period was checked 0 under the microscope t o 
a s c e r t a i n the time which was r e q u i r e d f o r obtaining 
optimal s t a i n i n g of nuclei,, The sporangiophore 
preparations were dehydrated i n a s e r i e s of a l c o h o l 
s o l u t i o n s of s t r e n g t h s 20%, 40%, 60%, 80%, 95% and 100% 
absolute e t h y l a l c o h o l f o r 1 minute each,, Then they were 
c l e a r e d i n x y l o l f o r 1 minute and mounted i n D 0 P o X 0 o C a n a d a 
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balsam, g l y c e r i n e and euparal were a l s o used as a l t e r n a t i v e 
mountants, but with experience, D„P 0X 0 was preferred,, 
A c e t i c acid=alcohol i n a r a t i o of ( l s 3 v/v) gave the b e s t 
p r e p a r a t i o n and thus was p r e f e r r e d as a s u i t a b l e fixative„ 
2„ Giemsja^stain 
The Robinow's (1957) technique was used f o r s t a i n i n g 
sporangiophore i n the present worko 
liporangiophores were f i x e d i n s e v e r a l f i x a t i v e s f o r 
1 hour e a c h o They were washed i n d i s t i l l e d water f o r 10 
minutes, then hydrolysed i n IN HCl at 60°C f o r 8 minutes„ 
The pr e p a r a t i o n s were washed immediately i n d i s t i l l e d water 
f o r 10 minutes to remove the excess a c i d 0 T h i s s t e p was 
followed by p l a c i n g the p r e p a r a t i o n s i n j a r s c o n t a i n i n g 
d i l u t e d s t a i n (1 ml of concentrated s t a i n s o l u t i o n was 
d i l u t e d with 10 ml of Q„1M phosphate b u f f e r at pH 7„0) 
fo r 1 houTo Then they were washed i n d i s t i l l e d w ater-for 
6 minutes to remove the excess s t a i n 0 Dehydration and 
mounting were as f o r Feulgen 0 
Temporary mounts were a l s o made i n a drop of d i l u t i o n 
b u f f e r with the edges of the cover s l i p s e a l e d with 
v a s e l i n e or n a i l varnisho A c e t i c acid=alcohol f i x a t i v e 
was u s u a l l y used i n preparations f o r t h i s s t a i n i n g 
method„ 
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3 o Acr i d i n e j^janga 
T h i s s t a i n was used f o r s t a i n i n g both DM and RNft 
(Jensen,1962) and the same method described was a l s o used 
i n t h i s work. The s t a i n i n g s o l u t i o n was prepared (see 
appendix) using 0„1M phosphate b u f f e r a t pH 7„0 o 
Sporangiophores were f i x e d as usual i n most of the 
f i x a t i v e s f o r 1 hour and then washed i n the b u f f e r 
s o l u t i o n f o r 10 minutes„ They were s t a i n e d i n the s t a i n 
s o l u t i o n f o r 30 minutes, then washed i n the b u f f e r f o r 5 
minutes„ Following mounting as de s c r i b e d above, specimens 
were examined under a f l u o r e s c e n c e microscope at wavelengths 
400-490 nmQ N u c l e i s t a i n e d a green t o y e l l o w colour w h i l e 
R E s t a i n e d as a red background„ 
2 o4 S t a i n i n g of REh„ Dftra and p r o t e i n 
S e v e r a l s t a i n s were employed such as t o l u i d i n e b lue, 
pyronin Y, a c r i d i n e orange ( f o r R M ) , methyl green, 
Feulgen (for DNA) and orange G ( f o r p r o t e i n ) but they 
gave s i m i l a r o b s e r v ations as Korson's s t a i n (Korson, 1951) 0 
Kbrson's s t a i n i s a t r i p l e s t a i n and can be used f o r 
determining RNft, DNA and p r o t e i n i n the same preparation? 
t h e r e f o r e i t was p r e f e r r e d and used e x t e n s i v e l y i n the 
present work. 
1° Korson's or T r i p l e s t a i n 
Procedure based on Korson's (1951) method was used 
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as a s p a c i f i c and, at the same time, d i f f e r e n t i a l s t a i n . 
I t was s p e c i f i c s i n c e a component of the s t a i n i s s p e c i f i c 
f o r a d e f i n i t e macromolecule, and d i f f e r e n t i a l i n t h a t i t 
can be used to show the three macromolecules i n one 
sample, Korson's s t a i n c o n s i s t s of three s o l u t i o n s ; 
A •= 4% orange G i n d i s t i l l e d water 
B - 0,15% methyl green i n d i s t i l l e d water 
C = 1 p a r t of 0,1% t o l u i d i n e blue i n d i s t i l l e d water 
plus 1 p a r t of 0,15% methyl green i n d i s t i l l e d 
water, 
Sporangiophores were f i x e d i n a c e t i c a c i d - a l c o h o l 
f i x a t i v e f o r 1 hour, then the preparations were washed i n 
d i s t i l l e d water f o r 5 minutes. They were placed i n 
s o l u t i o n a f o r 2 minutes, and then washed i n d i s t i l l e d 
water t o which was added 1 drop of s o l u t i o n followed by 
p l a c i n g the s l i d e s i n B s o l u t i o n f o r 15 minutes. 
S o l u t i o n B was then drained o f f and the s l i d e s were 
l e f t i n s o l u t i o n C f o r 5 minutes. F i n a l l y the preparations 
were r i n s e d i n t e r t i a r y b u t y l a l c o h o l or, more u s u a l l y , 
e t h y l a l c o h o l (100%) and l e f t f o r complete d e s t a i n i n g 
overnight (see Hepden & Hawker, 1961; Jensen, 1962? 
Hawker e t a l , , 1968? Davison, 1968a,b), Following the 
d e s t a i n i n g s t e p , the preparations were c l e a r e d i n x y l o l 
and then mounted i n D,P,X, f o r permanent p r e p a r a t i o n s . 
Examination was undertaken by t r a n s m i s s i o n and phase 
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c o n t r a s t microscopy, DNA was s t a i n e d green i n col o u r , 
RNA blue and p r o t e i n was s t a i n e d f a i n t red i n col o u r , 
2, D i s t i n c t i o n between DNA and RMft 
I n some preparations of Korson's s t a i n , r e c o g n i t i o n 
or d i s t i n c t i o n between RNA, DNA and p r o t e i n was needed 
(Jensen, 1962), Superimposition of one s t a i n on to 
another has been shown to cause some d i f f i c u l t i e s i n 
re c o g n i z i n g the exact l o c a t i o n of the macromolecules, To 
d i s t i n g u i s h between RN& and DMA, use was made of both 
DMA as e and RN&ase, 16 sporangiophores were d i v i d e d i n t o 
4 groups and each group c o n s i s t e d of 4 sporangiophores. 
The f i r s t group was t r e a t e d with 0,1% RNAase s o l u t i o n of 
pH 6-8 at 37°C using a water bath. The pH value was 
adj u s t e d with a minimum volume of 0,1M NaOH i n the absence 
of any b u f f e r . The sporangiophores were incubated i n the 
s o l u t i o n f o r 90-120 minutes, then they were washed i n 
water and s t a i n e d f o r RN&, DNA and p r o t e i n by Korson's 
s t a i n . No dark blue colour i n d i c a t i n g RNA was observed. 
The second group was incubated i n a s o l u t i o n 
-1 
c o n s i s t i n g of 0,2 mg-ml DNAase i n 0,003M MgSO^ s o l u t i o n 
of pH 6,5 at 25°C i n a water bath. The incubation period 
was 1-2 hours, NaOH was used to a d j u s t the v a l u e of the 
pH, A f t e r washing DNA was s t a i n e d by Korson's s t a i n . 
No green colour was observed i n these sporangiophores. 
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The t h i r d group was placed i n water at pH 6 C5^ and 
used as a c o n t r o l 0 The f o u r t h group was t r e a t e d with 
both RHftase and DN&ase r e s p e c t i v e l y 0 They were washed 
and s t a i n e d f o r DMA0 RNft and p r o t e i n by Korson's stain,, 
These sporangiophores showed only p r o t e i n 0 T h i s 
confirms t h a t the s t a i n i n g of sporangiophores with 
Korson's s t a i n i s a true s p e c i f i c biochemical i n t e r a c t i o n 
w i th RM&0 DNft and p r o t e i n present i n p a r t i c u l a r regions 
of the sporangiophore„ 
^ o5 S t a i n i n q of mitochondria 
Mitochondria of sporangiophores were s t a i n e d w ith 
b l u e - t e t r a z o l i u m s t a i n by the method described by Jensen 
(1962), Davison (1968a„b), and Hawker et al„„ (1968) . 
Bl u e - t e t r a z o l i u m i s a v i t a l s t a i n which i s s p e c i f i c i n 
i n t e r a c t i o n with s u c c i n i c dehydrogenase which i s found 
i n the mitochondria„ Unfixed sporangiophores were 
employed, s i n c e i t has been found t h a t the f i x a t i v e s may 
i n a c t i v a t e the enzyme and thus u n s a t i s f a c t o r y r e s u l t s would 
be obtained (see Jensen, 1962) 0 Sporangiophores were 
f i x e d by f r e e z i n g them i n s o l i d CO^ then they were 
placed i n j a r s c o n t a i n i n g b l u e - t e t r a z o l i u m s o l u t i o n (10 mg 
b l u e - t e t r a z o l i u m i n 10 ml of 0„01M phosphate b u f f e r 
pH 7 02) f o r 20 minutes a t 35.0C„ The sporangiophores 
were washed i n d i s t i l l e d water f o r 8 minutes and mounted 
i n d i s t i l l e d water„ 
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3 0 Methods f o r determ^n^ing the_ contents of w a l l s 
produced during_growth and r e g e n e r a t i o n of 
s p o r a n t ^ p ^ o r e s 
Use was made of s p e c i f i c f l u o r e s c e n t s t a i n s , which 
bound to w a l l precursors,Peberdy (1978) 0 The 
fl u o r e s c e n c e s t a i n s used were Uvitex BOPT and U^itex BM 
(supplied as 50% s o l u t i o n ) and Phofeine (supplied as s o l i d 
s t a t e ) o These f l u o r e s c e n t b r i g h t e n i n g agents were 
s u p p l i e d t o Dr„ Pearson from CIBA GIEGY Company,, 
3ol P r e p a r a t i o n of s t a i n s o l u t i o n s 
As a p r e l i m i n a r y t e s t , i t was shown t h a t maximal 
absorption was a t 350 nm„ 0„1% s o l u t i o n s i n 0»1M 
phosphate b u f f e r a t d i f f e r e n t pH va l u e s were prepared t o 
e s t a b l i s h s u i t a b l e pH f o r optimal absorption? pH 6„5 was 
found to give an optimal absorption of f l u o r e s c e n t stain,, 
The e f f e c t of l i g h t on the s t a b i l i t y of s t a i n s was 
t e s t e d , by exposing a s o l u t i o n a t 100 fig„ml ^ of each 
s t a i n t o d a y l i g h t f o r d i f f e r e n t periods (see F i g u r e 2)„ 
Times were p l o t t e d a g a i n s t o p t i c a l d e n s i t i e s a t a f i x e d 
wavelength of 350 nm„ Uvitex BOPT showed more s t a b i l i t y 
a f t e r 8 minutes than both Uvitex 4 BM and Ph o t i n e 0 Thus 
preca u t i o n s were taken to keep them i n the dark by cov e r i n g 
the b o t t l e s of the sto c k s o l u t i o n s 0 The f l a s k s which 
contained a d i l u t e d s o l u t i o n were a l s o covered with f o i l , , 
Uvitex BOPT only was used i n the present s t u d y 0 
S t a b i l i t y of w a l l s t a i n s , during exposure to day 
l i g h t f o r d i f f e r e n t periods 
O Uvitex BOPT 








© C § 112 H® ' 2 0 ® 0 
Tims mm. 
=45= 
S o l u t i o n s covering the range between 1=100 ug,ml were 
prepared i n 0 olM phosphate b u f f e r at pH 6,5, O p t i c a l 
d e n s i t y (0 oD,) of each c o n c e n t r a t i o n was measured a t 
350 nm f i x e d wavelength, using the Unicam 1800 spaetro= 
photometero C a l i b r a t i o n curves were drawn between the 
c o n c e n t r a t i o n s and o p t i c a l d e n s i t i e s (see f i g u r e 3) and 
a l i n e a r r e l a t i o n s h i p was obtained. Because of t h e i r 
high s e n s i t i v i t y to pH, l i g h t and temperature, an optimal 
c o n d i t i o n f o r a c h i e v i n g a maximal s t a i n adsorbtion by the 
w a l l of sporangiophore was determined, 
3^2 E f f e c t of the pH of the b r i g h t e n e r s o l u t i o n on 
the adsorbtion 
0,1% s o l u t i o n s ©f the Uvitex BOPT I n 0 olM phosphate 
b u f f e r a t d i f f e r e n t pH v a l u e s were prepared^ covering the 
range between 5,8 = 9,0, Dried w a l l s of sporangiophores 
were prepared from 1 gm f r e s h weight of sporangiophores 
of stage I , g r i n d i n g them with a pestle-mortar a f t e r 
f r e e z i n g i n l i q u i d nitrogen,, The m a t e r i a l was washed 
re p e a t e d l y with water and c e n t r i f u g e d at 500 x g u n t i l no 
more t u r b i d i t y was seen i n the supernatant. The .wall was 
then c o l l e c t e d from the tube and d r i e d i n a 55°C oven f o r 
1=3 minutes, 0,5 mg of dry weight was placed i n tubes 
each c o n t a i n i n g 1 ml of s t a i n a t d i f f e r e n t pH v a l u e s . 
The q u a n t i t y of the s t a i n adsorbed by w a l l was c a l c u l a t e d 
as f o l l o w s ? 
F i g u r e (3 
A c a l i b r a t i o n curve of W i t e x BOPT i n 0 o l M 
phosphate b u f f e r and a t pH 6 05 f f f o r adsorbtion 







The absorbanee of the s t a i n without added sporangiophore 
w a l l was used as standard* Solutions containing the wall 
material were centrifuged at 500X :g and the supernatant 
dye decanted„ The sedimented wall was washed three times 
with d i s t i l l e d water,, u n t i l no more s t a i n was released 
and the washings added to the dye decanted from the w a l l 
material„ The absorbance of t h i s s o l u t i o n was taken at 
350 nm and corrected t o allow f o r dilution,, The amount 
of s t a i n was calculated from the c a l i b r a t i o n curve which 
i s shown i n Figure (3)„ 
The amount of s t a i n adsorbed by the w a l l = 
The amount of the s t a i n given by the c o n t r o l -
The amount of s t a i n given by those mixed with the wallo 
The amount of s t a i n adsorbed by the wal l treated with the 
sol u t i o n at d i f f e r e n t pH values were shown i n Figure (4(1 )) c 
3 03 Effect of incubation period and temperature on 
the optimal adsorbtion 
The optimal adsorbtion of s t a i n by the sporangiophore 
w a l l was determined by using 0„1% s o l u t i o n of UV.itex BOPT 
i n 0 o1M .phosphate buffer at pH 6 e5, The absorbance of 
s t a i n was taken at d i f f e r e n t i n t e r v a l s . Figures ( 4 ( 3 ) ) of 
incubation., The optimal amount of the adsorbed s t a i n at 
d i f f e r e n t periods was determined from the c a l i b r a t i o n 
curve„ Optimal adsorbtion of the s t a i n by the w a l l was 
obtained at 4 minutes a f t e r immersion., Thus 4 minutes was 
-47= 
used during the protoplast studied„ as an appropriate 
time to achieve an optimal adsorbtion of 0 o l % s o l u t i o n 
of s t a i n i n 0 o l M phosphate buffer at pH 6 05 0 
D i f f e r e n t temperatures of solutions (10~45°C) 
=1 
containing 0„5 mg dry weight of sporangiophore ml 
s t a i n were used,? i n order to obtain a suitable adsorbtion 
of s t a i n by the prepared walls of sporangiophore«, Water 
bath at fixed temperature was used. The optimal 
adsorbtion has been shown? Figure (4(2)), t o be 
achieved at a range between 30=35°C„ 
3 04 Method for wall staining 
I n addition t o the quantitative measurement of the 
amount of w a l l regenerated by the sporangiophore„ the 
location of the regenerated w a l l was also determined by 
the same s t a i n (UVitex BOPT)„ Fixed sporangiophores 
were placed i n 1 ml of s t a i n solution of 0„1% i n 0„1 M 
phosphate buffer at pH 6„5 and incubated at 30°C f o r 
4 minuteso Sporangiophores were washed i n the same 
phosphate buffer? and the preparations were covered with 
a coverslip„ The edges of the coverslip were sealed 
with a petroleum j e l l y and coated with a n a i l varnisho 
The preparations were examined with an u l t r a v i o l e t 
microscope (at 260 nm wavelength)„ 
A l l of the preparations were a^minexL,.under trans-
mission and phase contrast„ 
=48= 
Microscopically„ except those sporangiophores stained 
with acridine orange 0 they were examined with an 
incident l i g h t fluorescent microscope„ using an 
appropriate wavelength e x c i t a t i o n at a range of 400=490 nm„ 
An automatic camera (Leitz) f i t t e d on the microscope was 
used for recording results„ The preparations were 
photographed i n colour and i n black and white films 
w i th a very high speed s e n s i t i v i t y (Kodak, 400 and 600 
Tri=x pan f i l m s ) 0 

Optimal adsorbtion of U"vitax BOPT by the walls of 
Sporangiophores (0„5 mg dry weight per 1 ml stain) 
at d i f f e r e n t conditions 
1 - After immersion i n the s t a i n at d i f f e r e n t pH values 
of phosphate b u f f e r ( 0 o l M) 
2 = After immersion i n the s t a i n at pH 6 05 of 0 P1 M 
phosphate buffer but at d i f f e r e n t temperatures 
3 After immersion i n s t a i n at pH 6„5 of 0 o l M 
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4 0 Extraction and estimation of nucleic acids and 
Protein 
Methods described by Pearson (1969) and Storck & 
M o r r i l (1977) were used 0 The same methods were employed 
f o r both sporangiophores and protoplasts 0 I n the case of 
sporangiophores these were harvested when 15=20 mm i n 
length (c, 1 gm fresh weight) and were washed with 0 o01 M 
phosphate buffer pH 7„0o The extraction methods are 
i l l u s t r a t e d i n Figure (5)« 
Sporangiophores were frozen with l i q u i d a i r and 
homogenized with a pestle and mortar, 10 ml of 5% TCA 
was added t o the ground tissue and a f u l l homogenization 
was carried out„ The mixture was centrifuged at f u l l 
speed i n a MSE bench centrifuge f o r 8 minutes at room 
temperatureo This was repeated twice and the suparnatants 
(A + B) containing nucleotides were pooled and retained 
i n a 25 ml volumetric flasko The p e l l e t was washed by 
resuspending i n 10 ml 5% TCA and ce n t r i f u g a t i o n at 12000 x 
g f o r 8 minutes was carried out c The supernatant (B) was 
retained and pooled with that from A, A + B so l u t i o n 
can be used f o r the qua n t i t a t i v e estimation of nucleotides 0 
10 ml of ethanol/ether/chloroform (3s2sl v;v;v) was added 
t o wash the p e l l e t (remaining p e l l e t of B supernatant 
which should contain l i p i d s RNA* Dm and p r o t e i n ) 0 the 
mixture was shaken vigorously and then centrifuged as 
1 
Diagram showing ways or procedures f o r extraction 
and estimation of macromolecules (DmD Km and 
protein) 
T i :,:\uc ( 1 gm) 
Grind a f t e r ' f r e e z i n g i n 
10 mis. of 5% TCA wJs added and homogenized f u l l y 
C e ntrifuge a t f u l l speed ^(12000 x g) f o r 10 minutes i n bench c e n t r i f u g e . 
P e l l e t 
i 
P e l l e t was washed by resuspending i n 
10 mis. of 5% TCA. 
C e n t r i f u g a t i o n as above-
P e l l e t 
I 
Washed i n 10 mis, of Et h a n o l / E t h e r / 
chloroform. I 
C e n t r i f u g a t i o n as above 
i 
P e l l e t (contains t o t a l RNA, DNA, 
and p r o t e i n ) 
I 
5 mis. of 0.3 N KOH was added and d i g e s t 
a t 37°c for overnight. 
i 
C e n t r i f u g a t i o n as above • 
P e l l e t 
Washed i n 5 mis. of 0.3N KOH 
I 
C e n t r i f u g a t i o n as above 
I 
P e l l e t (PI) (DNA + P r o t e i n ) 
Supernatant, t h i s was re t a i n e d i n 25mls. 
volumetric f l a s k (A) 
—>The supernatant (B) was r e t a i n e d to A and 
made to 25 mis. . T h i s can be used f or 
estimation n u c l e o t i d e s . 
-O The supernatant was discarded. 
-C>The supernatant (C) was r e t a i n e d i n 15 
volumetric f l a s k s . 
-C> The supernatant (D) was r e t a i n e d and pooled 
to C and thus formed C + D (RNA and a t r a c e 
of DNA and p r o t e i n ) . 
1 ml of 10% PCA was added, to get pH 2.0. 
Ce n t r i f u g a t i o n as above 
estimation RNA by d i r e c t absorbance a t 
260 nm o r by Orcin o l r e a c t i o n (see the t e x t ) 
P i was added to P2 <-«3— P e l l e t (P2)<3 " The supernatant (E) was added to C + D 
(Pi + P2) contained i n p r o t e i n + DNA made up to 15 mis., with d i s t i l l e d water. 
\ v 1 ml. of 10% PCA was added to d i g e s t T h i s contained t o t a l RNA and was used f o r 
80 c f o r 10 minutes. 
v 
C e n t r i f u g a t i o n as above 
Supernatant"""(F)^~"~ " P e l l e t (P3) contain p r o t e i n and a t r a c e of DNA 
contained DNA. ^ 
I t was r e t a i n e d i n 1 ml . of 10% PCA was added to d i g e s t a t 80°c 
5 mis. Vol. f l a s k . f o r 10 minutes. 
v G. was added to F. 
The volume was completed 
to5mis. by 10% PCA. 
F -r G was estimated d i r e c t l y 
a t 2 60 nm and a l s o by Diphenyla-ine 
Supematent (G) P e l l e t (P4) contained t o t a l p r o t e i n . 
I t was diluted^by 5N NaOH and was used 
fo r estirnationVprotein, by a d i r e c t 
e s t i m a t i o n and a l s o by Lowery method, 
(see the t e x t ) 
= 50= 
above. The supernatant was discarded and 5 ml of 0o3N 
o 
KOH was added and the mixture digested at 37 C f o r 18 
hourso The digested mixture was centrifuged as above and 
the supernatant (C) was retained i n a 15 ml volumetric 
f l a s k o Another 5 ml 0„3N KOH was added t o the p e l l e t and 
centrifugation was carried out? the supernatant (D) 
was retained and pooled w i t h ( C ) f r a c t i o n a The p e l l e t 
here (P^ can be used f o r DMA and protein extraction,, C 
and D solutions (10 ml) were pooled„ C + D should contain 
t o t a l RWA and a trace of DMA and protein; C + D sol u t i o n 
was treated t o pr e c i p i t a t e the remaining protein and DMA„ 
This was carried out by reducing the value of pH of the 
solu t i o n t o pH 2 o0 t y adding? 0„51 ml 10% PCA„ The 
suspension was centrifuged as above and thus the super-
natant (E) was pooled t o C + D and was used f o r RMA 
estimation by a d i r e c t absorbance at 260 nm wavelength? 
or by or c i n o l reaction„ After centrifugation? p e l l e t P2 
was added t® the p e l l e t Pi (PI + P2)„ Pi + P2 was 
digested with 1 ml 10% PGA at 80°C f o r 10 minutes 0 This 
should pr e c i p i t a t e protein from DNA? and ce n t r i f u g a t i o n 
repeated twice and the F + G supernatant (2 ml) retained 
and pooled i n a 5 ml volumetric f l a s k (made up t o 5 ml 
wit h 10% PCA)o This was put i n the spectrophotometer t o 
estimate DNA or was used f o r the diphenylamine estimation 
of DKEAo The remaining pallet? (P3)? obtained a f t e r the 
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f i n a l c e n t r i f u g a t i o n , was manipulated t o extract and 
estimate t o t a l proteins., This was carried out using 
LowS'y reaction (see below) „ During the extraction of 
nucleic acids and protein from the protoplasts„ simila r 
methods were used 0 
lo Rffl 
The o r c i n o l method of Markham (1955) as described by 
Pearson (1969) was used fo r the present work fo r 
estimation of impure RN&0 A solution of 40 ml conc c HCl 
+ 10 ml 1% o r c i n o l solution + 1 ml 10% F e C l ^ ^ O , was 
made up fresh each time 0 2 ml of the stock s o l u t i o n was 
added t o 0 o2 ml of the RKA sol u t i o n and heated i n a b o i l i n g 
water bath f o r 9=10 minutes„ 5 ml of n=butanol were added 
t o each tube which d i l u t e d and s t a b i l i z e d the reaction 
mixture t o a suitable e x t i n c t i o n f o r measureEEant i n a 
Unicam 1800 spectrophotometer„ A reagent blank was used*, 
The concentration of the RNft was calculated from a 
c a l i b r a t i o n curve which was constructed using adenosine 5' 
- monophosphate as a standard,Figure ( 6 ( l ) ) o RNft i n 
sol u t i o n was also estimated using the absorption at 
260 nm wavelengths 
2o Dffl 
The diphenylamine t e s t of Burton (1956) was used 
here» A stock sol u t i o n of 1 gm of r e c r y s t a l l i z e d 
Calibration curve of AMP - 5 fo r o r c i n o l 
determination f o r RKSA 
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diphenylamine i n 100 ml g l a c i a l acetic-acid plus 2 Q75 ml 
cone. H 2 S 0 4 w a s P r ePa r e <3° °° 2 ml of DNA so l u t i o n was 
added t o 0 o05 ml perchloric acid (9 019 M.) and 0 o08 ml 
H^ O and heated at 70°C f o r 45 minutes„ After cooling 
2ol ml diphenylamine reagent plus 0„1 ml of 16 mg0ml ^ 
acetaldehyde sol u t i o n was added„ Following incubation at 
37°C f o r 18 hours 0 the E.. _ nm was measured f o r the 
600 
sampleo A c a l i b r a t i o n curve was made up using c a l f 
thymus DMA (absorbance was measured at E g 0 0 nm. Figure 
(6(2))o The concentration of DKA, of the tissue was 
calculated from the c a l i b r a t i o n curve„ 
3 Q Protein 
The method of Low^y et a l , , (1951) as described 
below was used to estimate protein,. Two reagents were 
used s = 
Reagent As Mix -^gether 0„5 ml of 1% CuS0 4„5H 20 and 
0 o5 ml of 2% potassium t a r t a r a t e Q This 
was added slowly with s t i r r i n g t o 50 ml of 
2% Na 2C0 3 i n 0„1 N NaOEL 
Reagent B: Folin-cioealteau reagent was prepared by 
d i l u t i n g with 4 ml to 10 ml d i s t i l l e d water„ 
Standard c r y s t a l l i n e Bovin Serum Albumin 




Cali b r a t i o n curve of Bbvin Serum Albumin f o r Lowry 
de t er m i n e ion method f o r protein 
^ 1=4 
m i s 
0.8 
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i 
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Samples of p r o t e i n (P3) were d i l u t e d w i t h 5 N NaOH 
t o approximately 0 o 5 - l mg0ml ^ protein,, A f t e r mixing,? 
t h i s was l e f t a t room temperature f o r 2,0 minutes 0 
0 o3 ml of reagent B was added and care was taken t o 
ensure good mixing,, 
A f t e r 1 hour the o p t i c a l d e n s i t y of the blue colour 
was measured at E„__ nm wavelength against a reagent blanko 
/DO 
h c a l i b r a t i o n curve of BSA was constructed^ Figure (7)„ 




6 0 GEKgjljffiL OBSERVMLIOHS 
Obtaining synchronized growth i n c u l t u r e was a 
major o b j e c t i v e t o be achieved f o r studying growth and 
development of Phy^ejomyges b lakes lee anus sporangiophores 
Following extensive i n v e s t i g a t i o n * i t was no t i c e d t h a t 
the age of spores proved t o be an important f a c t o r 
c o n t r o l l i n g synchronisation,, Use of 1-2 months o l d 
spores was found t o reduce synchrony„ Use of 1=15 day 
o l d spores and extension of the period of heat 
a c t i v a t i o n (normally f o r 6=8 minutes a t 48°C) t o over 
30 minutes„ was found t o reduce the r a t e of germination 
and synchrony of subsequent sporangiophore development 0 
Moreover 0 age plays an important r o l e d u r i n g the 
i n d u c t i o n of the s y n c h r o n i z a t i o n of sporangiophores 
from the mycelium,, 48 hours o l d mycelium was p r e f e r r e d 
w h i l e much older mycelium gave poorer growth and less 
s y n c h r o n i s a t i o n of sporangiophore 0 With much younger 
mycelium (12 hours old) there was a delay i n growth 
and reduced f i n a l y i e l d of sporangiophores„ 
Observations on such v a r i a b l e growth and 
syn c h r o n i z a t i o n c o n t r i b u t e d a u s e f u l approach t o an 
understanding of the primary growth r e g u l a t i o n , which 
=55= 
w i l l be mentioned l a t e r , 
Nearly synchronised sporangiophores were obtained 
on l i q u i d and s o l i d minimal medium (see general m a t e r i a l 
and methods), A f t e r i n d u c t i o n i t was possible t o study 
i n d i v i d u a l l y the various developmental stages of the 
asexual r e p r o d u c t i v e s t r u c t u r e . 
The f i r s t recognized morphological event of asexual 
r e p r o d u c t i o n was the fo r m a t i o n of the f o o t c e l l s ? these 
were induced by p l a c i n g the mycelium, when i t had been 
f i l t e r e d o f f from the l i q u i d c u l t u r e , onto the surface 
of a l i q u i d or s o l i d medium0 The f o o t c e l l s were als o 
formed n e a r l y synchronously on the surface of l i m i t e d 
n i t r o g e n medium. Foot c e l l s were also produced i n the 
non-induced c u l t u r e , b ut not synchronously. Using methods 
described;, synchronized f o o t c e l l s f o r m a t i o n was obtained, 
Plate ( 2 ) , 
The f o o t c e l l appeared,, Plate ( 2 ( 2 , 3 , 4 ) ) , as a branch, 
formed from the ax i s of the parent hypha. I t s 
morphological s t r u c t u r e resembled a pear-shaped l a t e r a l 
s w e l l i n g . Preparations of substrate hyphae and the f o o t 
c e l l s , were f i x e d by a c e t i c a c i d - a l c o h o l (1;3 v/v) and 
st a i n e d i n s j l t u w i t h t o l u i d i n e - b l u e s t a i n . Greater 
d e n s i t y of s t a i n i n g c o u U be seen a t the a p i c a l r e g i o n of 
the f o o t c e l l s . This may i n d i c a t e p o s s i b l y i n d u c t i o n of 
-56 = 
a p r e f e r e n t i a l accumulation of RNA0 The diameter and 
l e n g t h of the induced f o o t c e l l s were uniform, b u t were 
v a r i a b l e i n non=induced c u l t u r e s . Table (1)° 
The diameter and l e n g t h was measured from the 
Plates (2(4)) & 3 (!))<, These values were d i v i d e d by 
400 (magnifications) and then c a l c u l a t e d i n um instead 
of mm0 The s i z e of the f o o t c e l l s at the margin of the 
uninduced colony d i f f e r e d from those f u r t h e r back along 
the leading hyphae 0 I t appears t h a t the siz e of the 
f o o t c e l l s depends on the degree of maturation of the 
s u b s t r a t e hyphae„ The s i z e of the f o o t c e l l s i n the 
induced c u l t u r e s was n e a r l y equal at the margin and 
centre of the substrate hyphae„ 
The diameter of the main axis of the su b s t r a t e hyphae, 
g e n e r a l l y was greater f o r the induced c u l t u r e 0 Values 
of 12=30 um i n diameter were obtained f o r a l l the hyphae. 
The average diameter and length of the f o o t c e l l 
of nearly synchronized and non-synchronised c u l t u r e s , 
Each value i s a mean of three r e p l i c a t e s <, 
Synchronized c u l t u r e 
The average diameter of 
t i p regions of f o o t c e l l s 
The average diameter of the 
basal regions of f o o t c e l l s 
Average le n g t h of the 




Non°synchronized c u l t u r e um 
At the margin of hyphae 7 Q5 
At the centre of hyphae 5 
At the margin of hyphae 5 
At the centre of hyphae 2 05 
At the margin of hyphae 37 05 
At the centre of hyphae 7 Q5 
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The diameter of the substrate-hyphae of non-induced 
c u l t u r e s , appeared t o be d i f f e r e n t a t the margin (6 02 jam) 
when compared w i t h f u l l y grown hyghae a t the centre (13 nm) 
of the colony 0 The i n i t i a t i o n of the sporangiophore from 
the f o o t c e l l as a t u b u l a r s t r u c t u r e i s shown i n Plate 
( 3 ( 3 ) ) 0 The i n i t i a l growth normally arose at the apex 
of the branched f o o t c e l l 0 These observations seemed t o 
be d i f f e r e n t from the r e s u l t s t h a t have been reported by 
Gruen (1959) who s t a t e d t h a t the sporangiophore f o r m a t i o n 
i s not n e c e s s a r i l y dependent on the fo r m a t i o n of the 
l a t e r a l g l o b u l a r branches= I n c o n t r a s t t o h i s r e p o r t , 
observations here have shown t h a t sporangiophores had 
t h e i r o r i g i n s from branched f o o t c e l l s ? both the induced 
and non-induced mycelium, and t h i s i s i n agreement w i t h 
observations reported by Grehn (1932)„ S t a i n i n g and 
d i f f e r e n t methods of c u l t u r i n g used i n t h i s study could 
be responsible f o r the d i f f e r e n t r e s u l t s observed 
d i f f e r i n g from those of Gruen (1959) <, 
During growth of non-synchronized c u l t u r e s on the 
s o l i d media, three regions of development of hyphae were 
seen, Plate (3(2))„ Sporangiophores were shown t o be 
i n i t i a t e d from the r e g i o n 2, i n Plate (3(2))„ The 
hyphae a t the centre of the c u l t u r e were seen t o have 
sporangiophores of stage IV, w h i l e no development of 
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sporangiophores was seen from the p e r i p h e r a l or marginal 
regions of t i p s of leading hyphae, Plate (3(2,-1)). 
Thus asynchrony of for m a t i o n of f o o t c e l l s d u r i n g 
maturation of non-induced hyphaa, could be a t t r i b u t e d 
t o asynchrony p r o d u c t i o n of sporangiophores„ 
•=59= 
1 ° GROWTH _AM) DEVELOPMENT OF SPORAj^IOPHORES 
The developmental stages of sporangiophores are shown 
i n Plate (4)„ Formation of the f o o t c e l l s was fol l o w e d by 
the i n i t i a t i o n of an upward growing sporangiophore a r i s i n g 
from the surface of the culture» This was considered i n 
the present study as a second recognized phasQ of 
morphogenetic change i n the development of the reproductive 
s t r u c t u r e o 
The upgrowth of an a e r i a l hypha w i t h a c o n i c a l or 
tapared t i p i s g e n e r a l l y designated as Stage I (Castle, 
1942,? 1959? Bergman e t al., , 1969? T r i n c i & H a l f o r d , 
1975 and Burn e t t , 1976) 0 This stage grew a t a r a t e of 
=1 
Oo3-0„5 mm-hour and reached up t o 80 mm i n l e n g t h by 
12=15 hours a f t e r i n i t i a t i o n . Figure (8)„ The f i n a l 
l e n g t h of stage I has been shown t o vary i n d i f f e r e n t 
c u l t u r e vesselso I n p e t r i dishes 60=80 mm i n l e n g t h was 
shown t o be a maximum f o r stage I w h i l e heights of 180 mm 
were obtained from c o n i c a l flask-grown c u l t u r e s 0 
Stage I I involved the m o d i f i c a t i o n of the a p i c a l 
growing r e g i o n t o give a g l o b u l a r s w e l l i n g , w i t h the 
m i g r a t i o n of the cytoplasm t o the growing r e g i o n , r e s u l t i n g 
i n the f o r m a t i o n of a yell o w sporangium 0 When s w e l l i n g 
ceased there was a b r i e f stage I I I of maturation when 
the colour of sporangium changed t o brown,, Stage I I and 
Growth curves of sporangiophores 
o Attached sporangiophores 
v i s o l a t e d sporangiophores c u l t u r e d i n water 
v i s o l a t e d spofangiophores c u l t u r e d on s o l i d 
medium 
a i s o l a t e d sporangiophores c u l t u r e d i n l i q u i d 
minimal medium 
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I I I were achieved i n a time between 14=16 hours a f t e r 
i n i t i a t i o n of the sporangiophore (see Gruen, 1959? 
Castle, 1959? Bu r n e t t , 1976), w i t h resumption of 
e l o n g a t i o n i n the i n t e r - c a l a r y r e g i o n below the 
sporangium, t h i s passed t o stage I V 0 
Sporangiophores a t stage IV grew a t a r a t e of 2.8=3.6 
=1 
mm.hour, Figure ( 8 ) 0 The f i n a l l e ngth of stage IV was 
a l s o shown t o be dependent on the vessel i n which they 
grew. They reached 150 mm a t 40 hours when they were 
grown i n p e t r i dishes, but reached 250 mm a t 40 hours 
when they were grown i n c o n i c a l f l a s k s . This may be 
a t t r i b u t e d t o the presence of more humi d i t y i n the f l a s k , 
also the r a t i o between a i r / s u r f a c e i n the c o n i c a l f l a s k 
was greater t h a n i n the p e t r i d i s h , which may have 
played a p a r t i n determining the growth of sporangiophore 
(see Bergman e t a l . } 1969). 
The increased l e n g t h of stage I up t o 40-60 mm was 
associated w i t h a sharp increase i n the dry weight. 
Figure ( 9 ) . Dry weight increase was p o s s i b l y due t o 
increased m i g r a t i o n of c e l l u l a r components and c e l l 
w a l l f o r m a t i o n . A f t e r sporangia f o r m a t i o n , stage I I , 
t he sharp increase i n dry weight ceased and a t t h i s 
stage i t has shown t h a t there i s a c e s s a t i o n of m i g r a t i o n 
of cytoplasm or n u t r i e n t s from the hyphae (see Bergman 
S l -
a t §leo 1969) o I n c o n t r a s t when growth of sporangio-
phores of stage I ras up t o 100 mm no sharp increase i n 
dry weight was seen* This may be a t t r i b u t e d t o the f a c t 
t h a t the t r a n s l o c a t i o n of the n u t r i e n t s along t h a t l e n g t h 
from the substrate-hyphae, may have been impaired 0 
-62= 
. EXTRACTION AND EST IM&T IQN__OF MACROMOLECUItES DURING 
DE^LOPMEMT 
DNAo p r o t e i n and RNA of stage I * I I plus I I I 
and IV were e x t r a c t e d and estimated q u a n t i t a t i v e l y 
as described i n the m a t e r i a l s and methods„ The 
q u a n t i t i e s of these macromolecules are shown i n 
Figure ( 1 0 ( 1 ) ) 0 The concentrations of DMAB p r o t e i n 
and RNA were greater i n stage I than i n stage I I plus 
I I I and IV r e s p e c t i v e l y * The cessati o n of m i g r a t i o n 
of the cytoplasm or n u t r i e n t s from the substrate hyphae 
d u r i n g the fo r m a t i o n of stage I I ( s p o r u l a t i o n ) may be 
considered as a f a c t o r l i m i t i n g the q u a n t i t i e s of 
macromolecules formed d u r i n g the subsequent develop-
mental stageso 
Macromolecules were a l s o e x t r a c t e d from stage I 
sporangiophores of d i f f e r e n t l e n g t h s . Figure (11)„ 
Sporangiophores of 20-40 mm i n len g t h were shown t o 
c o n t a i n g r e a t e s t q u a n t i t i e s of DNA 0 p r o t e i n and RNA„ 
Increase i n the p r o t e i n d u r i n g increase i n the l e n g t h 
may be a t t r i b u t e d t o the ageing or a u t o l y s i s as 
p r e v i o u s l y described by Fencl (1978) f o r f u n g i i n 
general« 
Optimal increases of RNA and DNA which were found 
a t 20=40 mm appeared t o be c o r r e l a t e d w i t h the o p t i m a l 
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increase of the dry weight. During morphogenesis and 
s p o r u l a t i o n of the sporangiophore, w a l l synthesis and 
d i s t r i b u t i o n of n u c l e i were determined using Uvites BOPT 
and a c r i d i n e orange i n combination as f l u o r e s c e n t s t a i n s . 
As shown i n P l a t e s ( 4 ( 2 ) , 5 ( 2 ) ) , there i s greater 
i n t e n s i t y of c e l l w a l l s t a i n i n g ( u v i t e x BOPT=binding) at 
the t i p r e g i o n of the stage I sporangiophore. During 
the t r a n s i t i o n from stage I t o stage I I by s w e l l i n g of 
the tapered t i p , the i n t e n s i t y of wall=component=specific 
s t a i n was associated w i t h the t h i c k e n i n g w a l l . At t h i s 
stage, n u c l e i appeared t o be m i g r a t i n g i n t o the swollen 
area. Plates ( 4 ( 8 , 9 ) , 6 ( 1 ) . The m i g r a t i o n appeared t o 
take place, w h i l e the t h i c k e n i n g was i n progress, Plate 
( 6 ( 1 , 2 , 3 ) ) . More RNA s t a i n i n g i n t e n s i t y was also shown t o 
be present i n the sporangium a f t e r s p o r u l a t i o n . During 
the maturation of the sporangium, less numbers of n u c l e i 
were, found i n the sporangiophore p a r t below the 
sporangium. Otherwise a greater c o n c e n t r a t i o n of n u c l e i 
can be seen i n the sporangium as shown i n Plate ( 6 ( 3 ) ) . 
Formation of the columella was found t o be associated w i t h 
cleavage of the protoplasm i n the sporangium i n t o mega-
spores, each of which appeared t o c o n t a i n several n u c l e i . 
Megaspore fo r m a t i o n should be f o l l o w e d by cleavage i n t o 
smaller spores (Thomas, personal communication). 
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Formation of the columella and megaspores were found 
to be a s s o c i a t e d with i n c r e a s i n g i n t e n s i t y of the Uvitex 
BOPT i n the w a l l of the columella and a l s o a t a point 
below the columella., Such observations suggest c e l l w a l l 
s y n t h e s i s and growth e x t e n s i o n i n the i n t e r c a l a r y r e g i on 
of the sporangiophorei, P l a t e (6(4))„ A d d i t i o n a l l y a n u c l e i 
were a l s o shown to be abundant i n s i d e the columella„ Thus,, 
t h i s may a l s o be recognized as a s p e c i a l d i f f e r e n t i a t i o n 
f o r i n t e r c a l a r y growth extension of stage IV„ and may 
r e f l e c t a s i g n i f i c a n t p h y s i o l o g i c a l s t a t e of t h a t region 
(Goodell. 1971) o 
The t i p r e g i o n of stage I appeared as a l o c a t i o n of 
morphogenesis and d i f f e r e n t i a t i o n during growth and 
development of the sporangiophore 0 Thus stage I of growth 
appeared to be an important s t e p f o r determining the 
developmental processes and thus warranted f u r t h e r s t u d y 0 
Most of the subsequent work reported here i s i n r e f e r e n c e 
t o changes t a k i n g place i n stage I„ 
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o ^ ^ ^ B U T T O J _ O J ^ E j ^ U L a R COMPOHSNTS ALONG STAGE I 
S PORftJgG IQPHORES 
Further study of growth and development of stage 
I sporangiophores was c a r r i e d out by e x t r a c t i o n of QMh0 
p r o t e i n and RiJft from d i f f e r e n t regions (3-5 mm long)., 
Each of the regions was of the same length and f r e s h 
weighty and were cut as t i p , middle and base segments„ 
The q u a n t i t i e s of these macromolecules are shown i n 
Figur e (10(2) ) a Greater q u a n t i t i e s of DMA, p r o t e i n 
and RISE, were found i n the t i p region of the sporangio-
phore„ 
I n a d d i t i o n to the e x t r a c t i o n study, n u c l e i , 
mitochondria DNA, p r o t e i n and RNA were a l s o determined 
c y t o l o g i c a l l y using s t a i n i n g methods as described i n 
m a t e r i a l s and methods„ The preparations are shown i n 
P l a t e s ( 5 ( 2 ) , 7 ( 1 , 2 , 3 ) , 9 ( 1 , 2 , 3 ) , 9 ) . h g r e a t e r 
c o n c e n t r a t i o n of s t a i n i n g f o r n u c l e i , mitochondria, 
DNA, p r o t e i n and RNA can be seen at the t i p region of 
the sporangiophore 0 The presence of RNft and DHA was 
confirmed by p r e - t r e a t i n g the sporangiophore with 
DNAase and RKEftase r e s p e c t i v e l y (see m a t e r i a l s and 
methods)„ Sporangiophores which were t r e a t e d with 
Dfflase were shown t o s t a i n i n t e n s e l y f o r only RNft 
only a t the t i p region with no evidence of DN&a A l s o 
those which were t r e a t e d with RKSAase showed i n t e n s e 
l o C o ncentration of maer©molecules e x t r a c t e d during 
growth and development of sporangiophores 
|~~] Rffl 
P r o t e i n 
2 o C oncentration of macromolecules e x t r a c t e d from 
d i f f e r e n t segments of stage I sporangiophores 

















Concentration of maeromolecules e x t r a c t e d from stage I 
sporangiophores of d i f f e r e n t lengths 
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s t a i n i n g f o r DHa without P l a t e s ( 9 ( 6 ) , (7a))„ 
The extreme apex of the t i p r e g i o n was shown to be 
devoid of n u c l e i , P l a t e (10)„ These observations are i n 
agreement with observations c i t e d by (Bergman e t aj. 0 , 
1969) and a l s o resembled e l e c t r o n microscope s t u d i e s by 
Peat & Banbury (1967), Hankinson (1972) who found a 
gre a t e r c o n c e n t r a t i o n of ribosomes, n u c l e i and mitochondria 
at a r e g i o n below the extreme apex of the sporangiophore 0 
The i n t e n s i t i e s of s t a i n i n g f o r DNft and p r o t e i n were 
found to decrease with d i s t a n c e below the t i p region of 
sporangiophore, P l a t e s (5,4(1),5(2),9(3a,b),9(5b))„ 
and DMA were shown to be i n g r e a t e r c o n c e n t r a t i o n a t the 
b a s a l o b c o n i c a l region than i n the middle region, but 
s t i l l a t a l e v e l l e s s than i n a p i c a l region, P l a t e s 
( 9 ( 2 c ) , 1 0 ) ) . The i n t e n s i t i e s of s t a i n i n g f o r n u c l e i and 
mitochondria were a l s o found to docrease with d i s t a n c e 
below the t i p region. P l a t e s (7, 8(1,2,3))„ 
From the above ob s e r v a t i o n the stage I sporangiophore 
can.be d i v i d e d i n t o regions according to the non=uniform 
d i s t r i b u t i o n of c e l l u l a r components/ see F i g u r e (12)„ 
A - Pi r e g i o n (1=2 mm i n length) s t a i n e d i n t e n s e l y 
with s t a i n binding to the c e l l w a l l (see a l s o P l a t e 
( 1 8 ( 1 ) ) 0 I t a l s o contained a g r e a t e r q u a n t i t y of p r o t e i n , 
the presence of which may be a t t r i b u t e d t o the presence 
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of v e s i c l e s , s i n c e i t was suggested t h a t v e s i c l e s may 
c a r r y c e l l w a l l enzymes and a l s o include the b u i l d i n g 
b l o c k s f o r w a l l s y n t h e s i s of f u n g i ( G i r b a r d t , 1969? 
Grove e t a l , , 1970? B a r t n i c k i - G a r e i a , 1973? T r i n e i , 
1974? Weber & Hess, 1976)„ T h i s r e g ion (A) resembled 
the tapered region named by T r i n c i & H alford (1975) and 
can be recognized as the growth e x t e n s i o n zone (G=Z)„ 
B - The sub=apical r e g i o n which s t a r t s a t a zone 
j u s t below the base region of r e g ion S o T h i s r e g i o n 
was shown to s t a i n i n t e n s e l y f o r RKA P l a t e s (4(1)„ 
9 ( 1 9 , 3 a ) ) , mitochondria, P l a t e (7(2,3)), DMA, P l a t e s 
( 8 ( 2 ) , 9 ( 2 a ) ) , p r o t e i n , P l a t e ( 9 ( l b ) ) and n u c l e i P l a t e ( 1 1 ) 0 
I t s length was measured and was found to be between 2=4 mm 
w ith a diameter of 100=150 uiru D i s t i n c t i o n between A 
and B regions was not always p o s s i b l e due t o over-
s t a i n i n g but use of more than one s t a i n allowed the 
r e c o g n i t i o n of the two zones„ B region was a l s o shown 
to c o n t a i n a zone recognized as an e x c l u s i o n zone 
(Thornton,1968b), which appeared as an empty c e n t r a l 
p o r t i o n surrounded by cytoplasm c o n t a i n i n g many n u c l e i , 
P l a t e s ( 1 0 & 11). The e x c l u s i o n zone was not recognized 
i n preparations s t a i n e d f o r RN2\ and protein., Thus i t 
i s p o s s i b l e t h a t the zone, although devoid of n u c l e i , 
c o n t a i n s high l e v e l s of rxbosomes„ The w a l l s of the 
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s u b - a p i c a l r e g i o n s t a i n e d i n t e n s e l y with c e l l w a l l 
f l u o r e s c e n t s t a i n . A higher a c t i v i t y of w a l l s y n t h e s i s 
has been found to be a c h a r a c t e r i s t i c of the corresponding 
r e g i o n of the hyphae of some filamentous f u n g i (Chang & 
T r e v e t h i c k , 1974). The t i p r e g i o n of the hyphae of 
filamentous f u n g i was considered as a younger r e g i o n 
and was a l s o c h a r a c t e r i z e d as a l o c a t i o n of high 
metabolic a c t i v i t y (Mortimer & Johnson, 1959? F e n c l , 
1978)„ 
I n filamentous f u n g i , i t has been suggested t h a t 
both RNA and p r o t e i n s y n t h e s i s have higher a c t i v i t i e s 
i n the s u b - a p i c a l r e g i o n (Zalokar, 1959a,b; N i s h i e t al.„ 
1968). Z a l o k a r , (1959b) concluded from h i s cytochemical 
technique t h a t the a p i c a l growth of a Neurospora c r a s s a 
hyphae was supported by a supply of p r e c u r s o r s from a 
r e g i o n of the hyphae a t a c o n s i d e r a b l e d i s t a n c e behind 
the t i p . L i k e w i s e , i t was envisaged t h a t the w a l l of the 
sporangiophore t i p was maintained i n an e x t e n s i b l e 
c o n d i t i o n by a balance between w a l l s y n t h e s i s and w a l l 
l y s i s , and t h a t the d r i v i n g f o r c e f o r w a l l e x t e n s i o n i s 
s u p p l i e d by the turgor pressure of the p r o t o p l a s t , 
T r i n c i (1978b). 
C - T h i s r e g i o n was c h a r a c t e r i z e d i n t h a t i t 
contained the v a c u o l e . L e s s i n t e n s i t y of s t a i n and a 
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lower c o n c e n t r a t i o n of n u c l e i , mitochondria, B£ja, 
p r o t e i n and RNA were found to ba a s s o c i a t e d with t h i s 
v a c u o l a t i o n zone, P l a t e s (9 (2b,3b,5,7b), 10)) „ T h i s 
r e g i o n was found to be i n i t i a t e d a t a r e g i o n below the 
B r e g i o n and a t approximately 4=5 mm from the extreme apex 
©f the sporangiophore (at 15-20 mm i n length)„ Diameter 
of t h i s region was of the order of 160-180 um0 
I n c r e a s e i n the s i z e of the vacuole was found to be 
g r e a t e r at p a r t s more d i s t a n t from the s u b - a p i c a l region? 
a t the same time there was a decrease i n the c o n c e n t r a t i o n 
of the cytoplasmic o r g a n e l l e s and components. The c y t o -
plasm was only found i n an area surrounding the vacuole 
s i n c e v a c u o l a t i o n l e f t a very narrow p e r i p h e r a l zone 
(1-2 urn t h i c k ) c o n t a i n i n g the cytoplasm and thus the 
i n c r e a s i n g s i z e of the vacuole could be a s s o c i a t e d with a 
decreasing volume of the cytoplasm., According t o the 
c o n c e n t r a t i o n of the d i s t r i b u t e d cytoplasmic o r g a n e l l e s 
and components, t h i s r e g i on can be d i v i d e d i n t o zones 
designated as middle and b a s a l regions B C & C (Figure,12)„ 
The extreme obconical r e g i o n of the sporangiophore 
(a r e g i o n which connected the extreme b a s a l end of 
sporangiophore with the substrate-hyphae) was found to 
c o n t a i n g r e a t e r i n t e n s i t y of the s t a i n s f o r n u c l e i , RNA 
and DMA, T h i s may be a t t r i b u t e d to i t s l o c a t i o n , which 
Sketched diagram showing the d i f f e r e n t regions along 
sporangiophore of stage X, according t o the non~uniform 
d i s t r i b u t i o n s of c e l l u l a r components 
h% Apex r e g i o n 
Bs Sub apex r e g i o n 
C: Middle apex region 
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i s near to the s u b s t r a t e hypha„ The s u b s t r a t e hypha 
have been found to support stage I sporangiophores with 
r e q u i r e d substances (Bergman e t a l . , , 1969; G a l p i n & 
Jennings, 1976)„ Thus there i s an i n v e r t e d tapered 
r e g i o n through which migration of o r g a n e l l e s may take 
place from the s u b s t r a t e hypha„ 
= 7 1 = 
1 0 o ISOLATION STUDIES 
L E f f e c t of i s o l a t i o j i ^ f r o m s u b s t r a t e hyphae on the 
^gwth_and dev@lopment_of__full length 
s^or^n^iopjTores 
The fundamental i n t e r r e l a t i o n s h i p between sporangio-
phore and mycelium of Phycomyces blakes1eeanua was 
examined by i s o l a t i n g the sporangiophore from the mycelium 
and c u l t u r i n g i t on minimal medium ( l i q u i d and s o l i d ) and 
i n water. The growth of these i s o l a t e d sporangiophores 
was s t u d i e d by measuring the i n c r e a s e d length and dry 
weight a t i n t e r v a l s , 16 sporangiophores a t stage I and 
at i n i t i a l length 1 0 = 2 0 mm formed a sample. The growth 
curves are shown i n F i g u r e (8)= Each point r e p r e s e n t s a 
mean of 3 r e p l i c a t e s . The o v e r a l l p a t t e r n of the growth 
curve f o r attached and i s o l a t e d sporangiophore was shown 
to be s i m i l a r , but the i s o l a t e d sporangiophore appeared 
to have a marginally longer lag=period before s t a r t i n g 
growth. 
The i s o l a t e d sporangiophores reached the same f i n a l 
stage of development as did the attached stage I sporangiophores 
however, the f i n a l length of the i s o l a t e d sporangiophore 
at stage IV was l e s s than t h a t of the attached. Turgor 
pressure and substances s u p p l i e d by the mycelium may 
have co n t r i b u t e d to the i n c r e a s e d length of attached 
sporangiophore. The attached sporangiophore showed 
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i n i t i a l l y a strong erect: c y l i n d r i c a l shape, while the 
i s o l a t e d sporangiophores showed a l o s s of i t s c y l i n d r i c a l 
shape a f t e r the i s o l a t i o n and did not r e g a i n a normal 
form,, I t has been reported t h a t the a p i c a l growth 
extension of the sporangiophore can take place through 
the e f f e c t of turgor pressure of the p r o t o p l a s t ( T r i n c i , 
1978b)„ A d d i t i o n a l l y continuous supplement of the 
n u t r i e n t s from the mycelium during growth of attached 
sporangiophore a t stage I (Bergman e t al„„ 1969) can be 
used as an e x p l a n a t i o n f o r such differences<, 
There were no such d i f f e r e n c e s i n the f i n a l length 
of stage I of i s o l a t e d sporangiophores (at the f i r s t 15 
hours) which were c u l t u r e d i n water and i n minimal mediura0 
T h i s may be a t t r i b u t e d to the f a c t t h a t the i n i t i a l growth 
of i s o l a t e d sporangiophora may not depend on the 
environment but i t may be regulated by the r e o r g a n i z a t i o n 
or r e d i s t r i b u t i o n of the i n t e r n a l components, as suggested 
by (Gruen, 1967? Gruen & Ootaki, 1972)„ Reo r g a n i z a t i o n 
of c e l l u l a r components during growth of i s o l a t e d f r u i t 
b®dies of Coprinus c i n e r e u s was a l s o suggested to maintain 
the w a l l s y n t h e s i s (Gooday, 1974)„ I t has a l s o been 
suggested t h a t during the s t a r v a t i o n of fungal hyphae, 
the growth of hyphae can be maintained at the expanse 
of the other compartments (see T r i n c i & R i g h e l a t o , 1970)„ 
= 73 = 
Thus the a u t o l y s i s or degradation of c e l l u l a r components 
a t p a r t s below the t i p region may contribute t o ine 
maintenance of the a p i c a l growth during the i s o l a t i o n 
or s t a r v a t i o n as suggested r e c e n t l y by F e n c l (1978)„ 
Dry weight was found to be a constant value a t the 
time of length i n c r e a s e , T a b l e (2) „ Thus the gro'&rth of the 
i s o l a t e d sporangiophore did not depend on the medium but 
appeared t h a t i t involved u t i l i z a t i o n of r e c y c l e d 
c ytoplasmic components as suggested above„ The b a s a l end 
of the sporangiophore which dipped i n t o both water and 
minimal medium regenerated a mycelium, see P l a t e (12(2,4))» 
More r e g e n e r a t i o n was found a t the b a s a l ends of sporangio-
phores which were dipped i n t o minimal medium, P l a t e (12(2)) 
than i n water, P l a t e (12(4))„ No promotion of the growth 
of the gporangiophore was found a f t e r the mycelium 
regenerated. T h i s might be due t o t h e f a c t t h a t the 
regenerated mycelia were submerged and not f l o a t i n g on 
the s u r f a c e of the l i q u i d mediumc Submerged mycelium 
w i t h a l i m i t e d a e r a t i o n may be unable to provide a 
sporangiophore with some r e q u i s i t e s u b s t a n c e ( s ) which 
i s produced t o an adequate extent by b e t t e r aerated hyphae 
a t an a i r / l i q u i d i n t e r f a c e (see a l s o Gruen 1967? Smith, 
1978). 
Table _ j 2 ) . 
Dry weight of i s o l a t e d sporangiophore (15 mm i n 
i n i t i a l length) during e u l t u r i n g 
Time (hrs) 2 6 10 12 14 
Dry weight 68 01 67 05 66„2 67„2 67„6 
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The b a s a l ends of sporangiophores which were 
c u l t u r e d on the s u r f a c e of the s o l i d medium,, regenerated 
d i r e c t l y t o sporangiophores i n s t e a d of mycelium. P l a t e s 
( 1 2 ( 3 ) , 13(1^2,3), 14(5))„ Thus under a e r o b i c c o n d i t i o n s , 
sporangioplhores were produced but under anaerobic 
c o n d i t i o n s mycelium was formed. Such r e s u l t s are 
c o n s i s t e n t with the obs e r v a t i o n s , t h a t a e robic 
c o n d i t i o n s give an i n d u c t i o n of synchrony of sporangio-
phores development. 
The sporangiophores regenerated from the b a s a l end 
of the i s o l a t e d sporangiophore were s h o r t e r and narrower 
and formed s m a l l e r sporangia than those formed at the 
a p i c a l r egion, P l a t e ( 1 3 ( 1 , 2 ) ) , More than one sporangio= 
phore was found regenerated from the b a s a l end of the f u l l 
l e n g t h sporangiophore, P l a t e ( 1 3 ( 1 ) ) 0 
During regeneration, sporangiophores e x h i b i t e d 
strong phototropic response to the head i l l u m i n a t i o n , 
P l a t e s ( 1 3 ( 4 ) , 1 4 ( 4 , 5 ) ) , T h i s appeared t o be i n combination 
w i t h a weak geo=response s i n c e sporangiophores regenerated 
i n the dark,Plate ( 1 3 ( 3 ) ) , did not grow i n a f u l l y v e r t i c a l 
f a s h i o n , T r i n c i & Banbury (1967) s t u d i e d the growth of 
A s p e r g i l l u s giqanteus and reported a s i m i l a r c o n d i t i o n of 
a strong phototropic response t o u n i l a t e r a l i l l u m i n a t i o n , 
w i t h no g e o - s e n s i t i v i t y , The r e d i s t r i b u t i o n of the c e l l u l a r 
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components during r e g e n e r a t i n g the growth of the i s o l a t e d 
sporangiophore was i n v e s t i g a t e d s i n c e i t has "been suggested 
t h a t a p i c a l growth of fungi may be maintained with a 
continuous flow r a t e of cytoplasm and n u t r i e n t s from the 
p a r t s below the t i p region (see F e n e l , 1978)„ 
2„ Re-o r g a n i z a t i o n and r e - d i s t r i b u t i o n of c e l l u l a r 
components during r e g e n e r a t i o n and growth of 
During growth of synchronized i s o l a t e d sporangiophores 
which had tapered t i p s , DNA, p r o t e i n and RNA were e x t r a c t e d 
and estimated as described previously» At d i f f e r e n t time 
i n t e r v a l s a f t e r c u l t u r i n g i n minimal medium, sporangiophores 
were cut i n t o three equal length segments ( t i p , middle and 
base)„ The above cytoplasmic components were e x t r a c t e d 
and estimated q u a n t i t a t i v e l y , F i g u r e (13)„ As shown during 
growth of sporangiophores the c o n c e n t r a t i o n of DMA, p r o t e i n 
and RNA was decreased i n the b a s a l and middle r e g i o n and 
correspondingly maintained i n the t i p region of the 
sporangiophore 0 The s h i f t of DMA and RNA from the p a r t s 
below to the t i p region was shown t o be a s s o c i a t e d with 
i n c r e a s i n g q u a n t i t y of p r o t e i n and became more obvious 
during growth of stage I I , where a lower c o n c e n t r a t i o n of 
components (RHA and DMA) was found i n the middle of the 
sporangiophore than i n the t i p region,, The i n c r e a s e i n 
p r o t e i n c o n c e n t r a t i o n a t p a r t s below the t i p r e g i o n could 
r 
F i g u r e (.13) 
Con c e n t r a t i o n of maeromolecules e x t r a c t e d from 
segments c u t a f t e r growth of i s o l a t e d sporangiophores i n 
minimal medium and a t d i f f e r e n t i n t e r v a l s 
a. T i g 
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p o s s i b l y be explained by an i n c r e a s e i n some ensyme 
which may be involved i n the degradation of the RHft and 
DMA, The i n i t i a l decrease of maeromoleeules a t the 
i n i t i a l p eriod of c u l t u r i n g could be a t t r i b u t e d t o the 
e f f e c t of mechanical shock, A f t e r growth resumed a t the 
t i p r e g i o n (6-8 hours) „ DN& and p r o t e i n were found to 
accumulate a t the b a s a l r e g ion of the sporangiophore. 
Such accumulation was followed by r e g e n e r a t i o n a t the 
ends of the b a s a l r e g i o n s , 
A decreased c o n c e n t r a t i o n of RW\ and DHft i n the 
middle regions of sporangiophores during the r e g e n e r a t i o n 
and growth of the i s o l a t e d sporangiophores may be a t t r i b u t e d 
to the i n t e r n a l adaptation between regions along the sporan-
giophore maintaining the normal l e v e l of c o n c e n t r a t i o n of 
macromoleeules a t a l o c a t i o n of w a l l synthesis» T h i s can 
occur by a u t o l y s i s or degradation of macromolecules to 
simple compound which could be t r a n s p o r t e d and u t i l i s e d again 
i n the t i p or i n the b a s a l regions as p r e c u r s o r s f o r 
b i o s y n t h e t i c a c t i v i t y . Degradation of c e l l u l a r components 
throughout the sporangiophore may be necessary s i n c e no 
s u b s t r a t e hyphae were present to supply i t with the 
r e q u i r e d s u b s t r a t e s . 
The accumulation of n u c l e i and mitochondria during 
growth resumption was a l s o determined using the s t a i n i n g 
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methods and a g r e a t e r i n t e n s i t y of s t a i n i n g was found 
a t a p i c a l region, see P l a t e s (8 (4) 015(2))„ Wo d i f f e r e n c e s 
observable by s t a i n i n g were found i n the c y t o l o g i c a l 
d i s t r i b u t i o n of RNA„ DMA and p r o t e i n during the i n i t i a l 
growth of i s o l a t e d sporangiophores„ but d i f f e r e n c e s i n the 
q u a n t i t i e s of macromolecules were found by e x t r a c t i o n 
methodso T h i s might be due to the f a c t t h a t the s t a i n i n g 
methods were not s e n s i t i v e enough to show s l i g h t v a r i a t i o n 
i n d i s t r i b u t i o n , , 
Accumulation of w a l l s t a i n i n g i n t e n s i t y a t the t i p 
and a t b a s a l cut end of a c u l t u r e d sporangiophore i s 
shown i n P l a t e (16(1^3))„ h g r e a t e r accumulation of w a l l 
s t a i n appeared a t the tapered t i p of the sporangiophore 
than a t the b a s a l end„ More i n t e n s i t y of s t a i n i n g f o r the 
w a l l (UVitese BOPT) a l s o can be seen a t the t i p of the 
hyphae regenerated from the b a s a l end of the i s o l a t e 
sporangiophore,Plate (16(2))„ S i m i l a r l y a g r e a t e r 
i n t e n s i t y of s t a i n i n g f o r RNA was found a t the same region , 
P l a t e (47(3))„ Thus there might be a c o r r e l a t i o n between 
RNA and w a l l substance s y n t h e s i s during growth and 
development„ 
Regenerated hyphae were seen to have domed extreme 
apices„ while i n the same pre p a r a t i o n other branched 
hyphae had tapered t i p s , P l a t e ( 1 6 ( 2 ) ) 0 These 
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observations are i n agreement with observations reported 
by S t e e l & T r i n c i (1975) f o r growth of hyphae of 
MS^SMMSSM, £%MSMM.° They i n t e r p r e t e d the dome-like t i p 
as a c h a r a c t e r i s t i c of the main ( u n d i f f e r e n t i a t e d ) hypha 
which branched and which arose from the main hypha„ 
3° D i s t r i b u t i o n of c e l l u l a r components during 
abnormal growth a t the t i p region 
Some sporangiophores were shown to have abnormal 
f e a t u r e s of growth by forming branches. More than one 
branch was seen t o emerge from the s u b - a p i c a l r e g i o n of 
the sporangiophore, P l a t e (17)„ Growth of the branched 
sporangiophore was measured and the o v e r a l l p a t t e r n of 
growth curves was found to be s i m i l a r to those found f o r 
the i s o l a t e d and attached sporangiophores« 
Sporangiophores which showed branching were s t a i n e d 
by Giemsa and by Korson's s t a i n s and are shown i n P l a t e 
(17)o I t was found t h a t the branching was preceded by 
changes i n the l o c a t i o n of the c e l l u l a r components and 
the o r i g i n a l apax of the sporangiophore appeared t o be 
empty a f t e r branch formation, P l a t e (17(4))„ Thus i t i s 
p o s s i b l e t h a t the branching was a s s o c i a t e d with the 
i n h i b i t i o n of the normal a p i c a l growth, A l t e r i n g the 
l o c a t i o n and d i r e c t i o n of movement of the c e l l w a l l 
p r e c u r s o r s can be a l s o considered as a reason l e a d i n g t o 
the impairing of the normal a p i c a l e x t e n s i o n , s i n c e 
c i n a 
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P l a t e (18(2)) showed more i n t e n s i t y of w a l l s t a i n i n g 
(UVitess BOPT) i n the branched sporangiophore, while no 
s t a i n was observed a t the o r i g i n a l t i p c The l o c a t i o n 
of the new r e g e n e r a t i o n and branching was seen t o have 
g r e a t e r i n t e n s i t y of w a l l stain,, Thus the branching 
p o s s i b l y involved a new s y n t h e s i s of c h i t i n a T h i s 
suggestion resembles a suggestion made by Cabib e t al„„ 
(1974) , Cabib (1975), Cabib & Bowers (1975),, s i n c e they 
observed t h a t during the budding of yeast„ the bud s c a r 
was shown to have a g r e a t e r c o n c e n t r a t i o n of c h i t i n 0 
Therefore i t has been suggested t h a t the branching may be 
involved i n a c t i v a t i o n of c h i t i n synthase (see review by 
Gooday,1978)„ A c t i v a t i o n of c h i t i n synthase of Phycomyces 
was found to occur by protease (Thomson & Fischer,1976; 
Van Laere & e a r l i e r , 1978? F i s c h e r & Thomson, 1979)„ 
L i b e r a t i o n of protease during bud formation i n the y e a s t 
was found by H a s i l i k (1974) „ Thus the l o c a t i o n of the 
branched s c a r during r e g e n e r a t i o n and branching of the 
sporangiophore may correspond with the p a r t i a l l o c a t i o n 
a c t i v a t i o n of c h i t i n synthase and thus w a l l s y n t h e s i s , 
L i b e r a t i o n of substances or an enzyme(s) which are 
r e q u i r e d f o r a c t i v a t i n g c h i t i n synthase may be induced 
by mechanical injury„ 
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L o c a t i o n of n u c l e i RNA and p r o t e i n a l s o changed and 
they were seen t o accumulate i n the branched sporangiophore, 
P l a t e s (17(1,2,4),19,27(5),29,32)). The l o c a t i o n of 
r e g e n e r a t i o n (branch aear) was a l s o s t a i n e d i n t e n s e l y 
f o r RNAo P l a t e (17(3)) and p r o t e i n , P l a t e (19(1,2,3))„ 
Thus the abnormal growth may a l s o i n v o l v e an a c t i v a t i o n 
of RNA and p r o t e i n s y n t h e s i s . An accumulation of s t a i n e d 
n u c l e i a t the s i t e of the branch formation was a l s o 
observed, P l a t e (19(4,5))„ The formation of the branch 
appeared t o be as a r e s u l t of the l o c a l i z e d accumulation 
of c e l l u l a r components„ Changing the normal d i s t r i b u t i o n 
and o r g a n i z a t i o n of the c e l l u l a r components appeared t o 
impair the a p i c a l e x t e n s i o n and thus a c t i v a t e d the abnormal 
growth„ Damage to the extreme apex was found to be 
a s s o c i a t e d with branching and each of these branches gave 
normal growth,, P l a t e s (15 (1,2) ,9(4)) show the accumulation 
©f n u c l e i and mitochondria during i n j u r y of the extreme 
apex. I n j u r y of the sub-apex was shown t o a c t i v a t e the 
re g e n e r a t i o n and branching., Thus i t can be concluded 
t h a t the i n t a c t s u b - a p i c a l region i s e s s e n t i a l l y r e q u i r e d 
i n maintaining the a p i c a l growth. T h i s might be acceptable 
s i n c e t h i s r e g i o n was found t o have a g r e a t e r i n t e n s i t y 
of n u c l e i , mitochondria and a g r e a t e r c o n c e n t r a t i o n of 
RNA, DNA, p r o t e i n and c h i t i n as found by Jan (1974)„ 
A d d i t i o n a l l y , g r e a t e r i n t e n s i t y of w a l l s t a i n i n g 
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(UVitex BOFT) was seen i n the branched sporangiophore 
a f t e r r egeneration, P l a t e (20(1,2,3,6))„ 
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11, IOT^-ASj50CjaTI0N BETWEEN THE C@MT 1HUITY OF THE 
CELLULAR COMPOMEMTS AND APICAL GROWTH OF 
SPORANG10 PHORE S 
The e s s e n t i a l requirements f o r the c o n t i n u i t y of the 
c e l l u l a r components and the maintenance of a p i c a l growth 
of the sporangiophores were t e s t e d by l i g a t i n g the t i p 
reg i o n of the i s o l a t e d sporangiophore with a very f i n e 
thread, t h i s l e d t o a break i n the coenocytic c o n t i n u i t y 
of the cytoplasm along the sporangiophore. The manipulated 
sporangiophores were c u l t u r e d on e o l i d minimal medium and 
were s t a i n e d with Korson's s t a i n f o r p r o t e i n , RNA and 
DNA, 
At 4=6 hours a f t e r the manipulation the extreme apex 
showed branching,see P l a t e ( 2 0 ( 5 ) ) . More than one branch 
was formed s i d e by si d e and they showed a gre a t e r i n t e n s i t y 
of the s t a i n . The b a s a l end of the t i p segment, i,e„ 
above the l i g a t i o n , showed l e s s i n t e n s i t y of the s t a i n ? 
i n c r e a s i n g the i n t e r n a l p r e s s u r e of the protoplasm as a 
r e s u l t of the l i g a t i n g could cause a change i n the uniform 
s y n t h e s i s of the w a l l substances and thus may a c t i v a t e 
branching. L i k e w i s e the i n t e r n a l damage of the protoplasm 
during the manipulation could a l s o lead to abnormal growth. 
Attached sporangiophores were a l s o manipulated and 
l i g a t e d i n a s i m i l a r way as described above f o r the 
i s o l a t e d sporangiophore. At 4-6 hours a f t e r l i g a t i n g . 
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segment above l i g a t i o n showed i t had resumed growth, 
see P l a t e (20(7) )„ Greater i n t e n s i t y of s t a i n f o r Rffl 
and DN& seen a t the b a s a l segment below the l i g a t i o n of 
the attached sporangiophore, compared with t h a t seen a t the 
b a s a l segment below the l i g a t i o n of the i s o l a t e d spor-
angiophore, P l a t e (20(5) )<, A d d i t i o n a l l y the a p i c a l end 
of the b a s a l segment i 0 e 0 below the l i g a t i o n of the 
attached sporangiophore appeared more e r e c t than t h a t of 
the a p i c a l end of the b a s a l segment of the i s o l a t e d 
sporangiophore.Plate ( 2 0 ( 5 , 6 ) ) 0 & continuous supplement 
of the c e l l u l a r components from the mycelium i n t o the 
b a s a l segment below the l i g a t i o n of the attached 
sporangiophore could maintain the i n t e r n a l p r e s s u r e of 
the attached sporangiophore„ The a u t o l y s i s of c e l l u l a r 
component a t the b a s a l segment below the l i g a t i o n of the 
i s o l a t e d sporangiophore could be c o r r e l a t e d with l e s s 
i n t e n s i t y of s t a i n of RNA and DNAo 
A f t e r l i g a t i n g the i s o l a t e d sporangiophore and 
c u t t i n g of the apex region, p r o t e i n s t a i n i n g i n t e n s i t y 
was shown greate r a t the point of wound h e a l i n g and 
re g e n e r a t i o n i , e a a t the c u t level„Plate (20(4) )<, The 
b a s a l end of the t i p segment i„e 0 above the l i g a t i o n , 
appeared t r a n s l u c e n t (no accumulation of p r o t e i n was found) 0 
The a p i c a l end of the b a s a l segment i,e„ below the 
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l i g a t i o n , of the attached sporangiophore showed a 
c y l i n d r i c a l shape and a l s o developed a sporangiophore, 
P l a t e (14( 6 ) ) 0 w h i l e no development was seen at the 
a p i c a l end of the i s o l a t e d sporangiophore<> A d d i t i o n a l l y 
t h i s could be a l s o a t t r i b u t e d t o the i n t e r n a l p r e s s u r e 
of protoplasm of attached sporangiophore which may be 
maintained by a continuous supplement of c e l l u l a r components 
from the mycelium i n t o the attached sporangiophore, 
The b a s a l end of the b a s a l segment i , e , below the 
l i g a t i o n , a l s o showed wound h e a l i n g and showed g r e a t e r 
i n t e n s i t y of p r o t e i n than the a p i c a l end of the b a s a l 
segmento T h i s could be a t t r i b u t e d to the l i g a t i o n effect^, 
l i k e w i s e no development of a sporangiophore was seen. I n 
c o n t r a s t there was a development of a sporangiophore a t the 
a p i c a l end of the t i p segment i , e , above the l i g a t i o n , 
Accumulation of p r o t e i n a t the a p i c a l end of the t i p 
segment can be used as evidence f o r the q u i c k e r r e d i s t r i -
b u t i o n of c e l l u l a r components and thus resumption of 
protoplasmic streaming, from the b a s a l end to the upper 
end. Therefore q u i c k e r recovery and r e g e n e r a t i o n a t the 
upper end of the t i p segment may be a t t r i b u t e d t o the 
r e d i s t r i b u t i o n of c e l l u l a r components. 
Likew i s e i t i s p o s s i b l e t h a t the maintenance of 
a p i c a l growth e x t e n s i o n of the normal sporangiophore can 
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occur a t the expense of other compartments below the apex 
r e g i o n . These observations a l s o support the suggestion 
of the p o s s i b i l i t y of degradation or a u t o l y s i s of c e l l u l a r 
components i n par t a below the t i p region which can then be 
u t i l i z e d a t a l o c a t i o n where components are r e q u i r e d f o r 
growth, A l s o movement without a u t o l y s i s i s p o s s i b l e , 
A comparison between the r e g e n e r a t i o n of the stump 
©n an attached sporangiophore and of a comparable i s o l a t e d 
segment of sporangiophore was a l s o made. I n the former 
c a s e , the sporangiophore was e x c i s e d t o leave a 15 mm 
stump and a comparable length of a detached sporangiophore 
was a l s o used. The amount of the r e g e n e r a t i o n i s 
summarized i n Fi g u r e (14)„ Regenerating sporangiophores 
developed both from the c e n t r e and the p e r i p h e r a l of the 
o r i g i n a l sporangiophore,, sometimes ®ne, sometimes two and 
r a r e l y three sporangiophores developed. New sporangiophores 
were produced from the i s o l a t e d segments a l s o , but a higher 
proportion of the attached segment gave more than one 
sporangiophore than did the segments. More i n t e n s i t y of 
s t a i n of Uvitex BOPT s t a i n was shown i n the attached 
c o n d i t i o n a t the stump compared with the i s o l a t e d 
sporangiophore. T h i s i n d i c a t e s t h a t the c o n t r i b u t i o n of 
the mycelium i s important i n sporangiophore r e g e n e r a t i o n , 
p o s s i b l y through a supply of growth components. T h i s was 
F i g u r e (14) 
Percentage of r e g e n e r a t i o n of sporangiophores a t c u t 
ends of stumps on attached sporangiophores and of 
comparable i s o l a t e d sporangiophores 0 The i s o l a t e d 
sporangiophores were c u l t u r e d on the s o l i d minimal 
medium, 
I , One regenerated sporangiophore 
2 o Two regenerated sporangiophore 
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found when the stump on an attached sporangiophore w i t h 
c u t apex r e g i o n and of a comparable i s o l a t e d segment of 
sporangiophore„ were st a i n e d f o r REh0 DHA and p r o t e i n 
d u r i n g regeneration, Plate (21)„ Greater i n t e n s i t y of 0 
and DNft was found (at 6 hours) a t the a p i c a l end of the 
stump on th© attached sporangiophore,Plate ( 2 1 ( 2 ) ) , 
compared w i t h those found at the a p i c a l end of the same 
stump before regeneration,Plate (21(1)) „ The comparable 
i s o l a t e d segment showed less i n t e n s i t y of s t a i n f o r RNA 
and DNA a t the a p i c a l end of i s o l a t e d sporangiophores, 
Plate (21(3))„ The basal regions of stumps showed a 
greater i n t e n s i t y of s t a i n f o r RNA and DMA compared w i t h 
the i s o l a t e d segment,Plate (21(2„3))0 Thus the continuous 
supplement of c e l l u l a r components from the mycelium i n t o 
the stump could be c o n t r i b u t i n g t o t h i s increase of n u c l e i c 
acids and thus a greater recovery,, I n c o n t r a s t few n u c l e i 
were seen a t the basal r e g i o n of the i s o l a t e d sporangiophore„ 
Plate ( 2 1 ( 4 ) ) 0 Less i n t e n s i t y of s t a i n i n g f o r DMA and RNA 
and greater i n t e n s i t y of p r o t e i n a t the p a r t below the 
a p i c a l end of the i s o l a t e d sporangiophore could be 
a t t r i b u t e d here t o the autolysis,, Some a u t o l y s i s or 
degradation can also be seen at the middle r e g i o n of the 
stumps e s p e c i a l l y t h a t shown i n Plate ( 2 1 ( 1 ) ) 0 This could 
be a t t r i b u t e d t o the extension of the mechanical effect,, 
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Less a u t o l y s i s or degradation at the middle r e g i o n 
of the stump,, shown i n Plate (21(2)) , could be i n t e r p r e t e d 
as the middle r e g i o n of t h a t stump r e c e i v i n g a continuous 
supplement of c e l l u l a r components from the obconieal 
r e g i o n of the attached stump,, Recovery then may take place 
at the expense of the attached basal r e g i o n of the stumps 0 
Plate ( 2 2 ( l ) ) a 
Plates ( 2 2 ( 2 ) , 2 3 ) ) , show the d i s t r i b u t i o n of the 
n u c l e i a t the basal region of the i s o l a t e d sporangiophore, 
where no accumulation of c e l l u l a r components and n u c l e i 
can be seen at the obconical region,, I n c o n t r a s t greater 
n u c l e i were found a t the basal r e g i o n of the stump* 
Plate ( 2 3 ( 1 , 2 ) ) , compared w i t h the comparable i s o l a t e d 
sporangiophore, P l a t e ( 2 3 ( 3 ) ) 0 Thus a continuous 
supplement of n u c l e i from the substrate-hyphae i n t o the 
stump can be used as evidence f o r the greater accumulation 
of n u c l e i c acids throughout the attached sporangiophore„ 
The accumulation o f w a l l substances a t the ends of the 
stump, also can be a t t r i b u t e d t o a greater a c t i v i t y of 
w a l l synthesis and thus regeneration, Plate ( 3 3 ( 4 ) ) o 
=88= 
!2o lMEg^SSQCiaTIO^Effi_TWEEM RNA„ NUCLEI AND VESICLES 
DICING THE REGENERATION OF THE SPORANGIOPHORES 
Nuc l e i and RNA were determined by t i e a e r i d i n e 
orange stain,, during the regeneration and growth of the 
sporangiophore Which had a cut extreme a p i c a l r e g i o n , 
Plate (24)„ Vesicles l i k e s t r u c t u r e s were also seen i n 
the preparation„ and these were found t o be more 
abundant a t the inner sit© of the regenerating zone and 
of the o r i g i n a l w a l l , Plate (24(1) ) 0 Some v e s i c l e s wcsre 
found surrounded by nuclei,, Therefore, i t i s p o s s i b l e 
t h a t there i s an i n t e r = a s s o c i a t i o n between the n u c l e i 
and the f o r m a t i o n of vesicles„ The possible i n t e r = 
a s s o c i a t i o n between the nuclear envelope and the f o r m a t i o n 
of the v e s i c l e s of f u n g i has been reviewed by Weber & 
Hess (1976)o Likewise the r e g e n e r a t i o n of the new w a l l 
appeared t o r e q u i r e the presence of the vesicles„ 
A continuous supply of the enzyme=containing 
v e s i c l e s i n c l u d i n g the w a l l b u i l d i n g b l o c k s 0 from the 
lower compartments of the f u n g a l hyphae towards the 
a p i c a l p a r t s of the hyphae was assumed by T r i n c i (1974) 0 
A f t e r the w a l l closure a t the i n j u r e d area, n u c l e i and 
RNA appeared t o accumulate a t the apex and continued t o 
be associated w i t h t h e extension of the a p i c a l r e g i o n , 
Plate ( 2 3 ( 2 ) ) 0 Nuclei found i n the sub-apical zone, 
Pla t e ( 2 3 ( 3 ) ) , and at the regenerated regions were more 
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dense and s l i g h t l y bigger than those found at the basal 
end of the sporangiophore, Plate (23(4))„ I n a d d i t i o n 
few and i n d i s t i n c t v e s i c l e s and n u c l e i were seen i n the 
lower regions of the sporangiophore„ RNS s t a i n i n g was 
also found i n less i n t e n s i t y a t the end of the basal 
region,, More i n t e n s i t y of s t a i n i n g and a greater 
number of n u c l e i and v e s i c l e s l i k e s t r u c t u r e s were found 
a t the a p i c a l end of the t i p r e g i o n of the sporangiophore 
d u r i n g w a l l synthesis and a p i c a l extension,, 
The e s s e n t i a l requirement of n u c l e i i n wound h e a l i n g 
was also t e s t e d by i n c i s s i o n at the middle r e g i o n of the 
sporangiophore w i t h a needle and then the sporangiophore 
was stained f o r n u c l e i w i t h Feulgen stain., Plate (25(2)) 
shows the accumulation of the n u c l e i around the injury„ 
Such an accumulation could be due t o the s e l e c t i v e 
t r a n s p o r t , t o the s i t e of i n j u r y of substances involved 
i n the h e a l i n g process„ So n u c l e i could play an 
important r o l e d u r i n g w a l l synthesis and growth of the 
sporangiophore„ 
= 90-
13 „ EFFECT OF THE CUTTING IM'O SEGMEM'S ON THE DIFFEREM1 IATION 
&W> MORPHOGENESIS OF SPORANGIOPHORBS 
Stage I sporangiophores lengths 15=20 mm were c u t i n t o 
3 t o 5 segments of equal l e n g t h i n each experimental seto 
Methods used f o r c u t t i n g are described i n m a t e r i a l s and 
methods„ By such manipulation the l o c a t i o n of the r e g i o n 
w i t h greatest a b i l i t y t o regenerate was soughto 
Growth curves are shown i n Figure (15)„ Most of the 
segments reached the f i n a l stage (IV)„ The main p o i n t of 
i n t e r e s t was t h a t there was a gr a d a t i o n of regeneration 
r a t e down the segment sequence from the apex,, The 
a p i c a l segment regenerated most q u i c k l y t o stage IV 
whereas the basal segment was slowest,, However, t h i s 
time d i f f e r e n c e may be p a r t l y accounted f o r by the f a c t 
t h a t the length of the regenerated sporangiophore was 
greater ate paarts below the apex segments 0 
The l o c a t i o n and numbers of the regenerated 
sporangiophores a t the c u t s i t e s of the t i p , middle and 
base segments are shown i n Figure ( 1 6 ) 0 I t can be seen 
t h a t a greater number of regenerated sporangiophores 
were found a t the a p i c a l cut end of the t i p segment 0 
Thus the regeneration and branching may be a c t i v a t e d by 
mechanical injury„ 
Figure (15) 
Growth curves of sporangiophores developed from a p i c a l 
ends of segments % 
• T i p segments w i t h l a c k i n g apex r e g i o n 
* T i p segments w i t h completed apex r e g i o n 
A Middle segments 
k Sub-middle segments 
o Basal segments 
Each value i s a mean of 3 replicates„ The segments 
were equal i n l e n g t h (3-^5 mm) and were c u t from 
synchronized sporangiophores which were i s o l a t e d 
from the came c u l t u r e 0 Segments were c u l t u r e d on th© 
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l o Percentage of l o c a t i o n of regeneration at the a p i c a l 
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b - i n d i c a t e s l a t e r a l or branched growth 
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1 =• i n d i c a t e s one regenerated sporangipphore 
2 - i n d i c a t e s two regenerated sporangiophore 
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The regeneration and development of sporangiophores 
which were cut i n t o 5 segments (h0 M, SM and B) i s 
shown i n Plate ( 2 6 ) 0 A^represents the t i p segment w i t h 
an extreme apex i n t a c t , w h i l e i? represents the t i p r e g i o n 
lacking, an extreme apex„ M and SM represent the middle 
and the sub-middle, w h i l e B represents the basal r e g i o n s 0 
The l o c a t i o n and number of regenerated sporangiophores 
a t the c u t ends of each segment are summarised i n Figure 
(14)o More regeneration was found at the t i p segment 
which were XadSdmg an extreme apex Q More than two 
regenerated sporangiophores were found t o emerge from the 
l a t e r a l s i t e of the 1? segment„ 
The h segment showed no branching and continued 
growth as an attached sporangiophore„ Resumption of 
normal accumulation of n u c l e i , could have c o n t r i b u t e d 
t o t h i s growth, Plate ( 2 7 ( 3 ) ) c Occasionally branches 
were seen a r i s i n g from the sufe-apical r e g i o n , Plate 
( 2 6 ( A ) ) , p o s s i b l y as a r e s u l t of damage i n t h i s region,, 
Branching was also seen a r i s i n g from the sub-apical 
r e g i o n of the t i p segment w i t h c u t extreme apex, 
Plate (26(A))„ Thus i n h i b i t i o n of the a p i c a l growth may 
s t i m u l a t e sub~apical growth and sub-apical branch 
formationo 
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Where sp®rangiophores regenerated from the c u t ends 
of segments other than a p i c a l segment w i t h i t s extreme 
apex intact;, they arose from l a t e r a l sites„ Therefore 
the t i p appears t o c o n t r o l the s i t e of o r i g i n of the new 
sporangiophore 0 On e x c i s i o n , i t was found t h a t t h e r e was 
no re-establishment of the o r i g i n a l tapered t i p b u t a new 
sporangiophore w i t h a t i p produced from i n t e r n a l s i t e s i n 
a l a t e r a l p o s i t i o n was seen. This may be r e l a t e d t o the 
l o c a t i o n of cytoplasm a t the p e r i p h e r a l , surrounding the 
vacuole zone? which acted as a regeneration s i t e , see 
Plate (28(5))„ 
These observations are an i n d i c a t i o n of p o l a r i t y i n 
t h a t the regeneration a t the a p i c a l end of each segment 
gives r i s e t o a new sporangiophore„ Likewise t h i s could 
be c o r r e l a t e d w i t h the non-uniform d i s t r i b u t i o n and 
f o r m a t i o n of c e l l u l a r components along the segment 
lengtho A d d i t i o n a l l y more regeneration was found a t the 
sub-apical segment and t h i s may be c o r r e l a t e d w i t h the 
presence of more c e l l u l a r components since the dry weight 
of the t i p segments were seen t o increase i n the dry 
weight d u r i n g r e g e n e r a t i o n , Figure (17)„ 
L D i s t r i b u t i o n of RHA„ p r o t e i n _and DMA du r i n g 
r e g e n e r a t i o n and growth of sporangiophore segments. 
T o t a l concentrations of RNA 0 p r o t e i n and DMA were 
e x t r a c t e d and estimated at time i n t e r v a l s d u r i n g 
Dry weight measurements during regeneration of segments 
a f t e r r e g eneration and development of sporangiophores„ 
o T i p segment w i t h i n t a c t apex r e g i o n 
o T i p segment l a c k i n g apex r e g i o n 
n Middle segment 
D Sub=middle segment 
0 Basal segment 
Known numbers of segments were weighed a t i n t e r v a l s 
d t i r i h g r e g e n e r a t i o n and development? the weight of each 
i n d i v i d u a l segment was then c a l c u l a t e d 
<SJH)3WI1 






reg e n e r a t i o n and growth of segments ( t i p , middle and base) 
of sporangiophores. Changes i n the q u a n t i t i e s of these 
macromoleeules are shown i n Figure (18)„ 
As shown, duri n g the i n i t i a l hours of i n c u b a t i o n 
there was a decrease i n the c o n c e n t r a t i o n of RNA and 
DHA, but there was an increase i n the c o n c e n t r a t i o n of the 
p r o t e i n 0 Mechanical manipulation may have caused.a 
d i s r u p t i o n of the protoplasm which may have brought 
about an imbalanced c o n d i t i o n w i t h i n the c e l l , as 
suggested by Fencl (1978) 0 This could have c o n t r i b u t e d 
t o the i n i t i a l decrease of the RNA and D l , A po s s i b l e 
e x p l a n a t i o n f o r the i n i t i a l increase of the p r o t e i n , i s 
t h a t the c u t t i n g may have l e d t o a synthesis and release 
of some enzyme(s) involved i n r e p a i r of wounding,, The t i p 
segment showed more i n i t i a l increase i n the p r o t e i n con-
c e n t r a t i o n than did the middle and basal segments 0 This 
could be a t t r i b u t e d t o the f a c t t h a t the t i p r e g i o n 
contains more membrane-bound organelles (Peat & Banbury „ 
1967? Marchant e t aj.„, 1967? Thornton,1968a? Bergman 
et a l e 1969? Tu e t a l = , 1971? Hankinson,1972) and thus 
may produce more abnormal release of protein,, 
The normal recovery was achieved by a decrease of the 
abnormal r i s e of the p r o t e i n and f o l l o w i n g t h i s there was 
then a gradual recovery of RNA and DKA levels„ Comparison 
Concentration of macromblecules e x t r a c t e d a t d i f f e r e n t 
i n t e r v a l s of re g e n e r a t i o n and development of segments 
of stage I sporangiophores„ 
l o T i p 
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wi t h the c o n t r o l (Rm,0 Dffl and p r o t e i n were e x t r a c t e d 
immediately a f t e r c u t t i n g and f r e e z i n g of the tip,, middle 
and b a s a l segments) showed t h a t the maximal recovery of 
these macromolecules were found at 6=8 B 10=12 and 14-16 
hours o f o r the tip„ middle and b a s a l segments r e s p a c t - i v e l y 0 
These time sequences c o r r e l a t e d with the times of the 
i n i t i a t i o n of regeneration., 
The l o c a t i o n of RHfts DNA and p r o t e i n was a l s o 
determined e y t o l o g i c a l l y * and P l a t e s (27„ 28„ & 29) 
show t h e i r d i s t r i b u t i o n only i n t i p segments» Accumulation 
of these components took place a t the s i t e of new w a l l 
synthesis„ The recovery of the RNft and DNft a t the c u t 
s i t e appears to be a t the expense of the other p a r t s of 
the segment*. The accumulation of these macromolecules was 
a l s o observed to be a s s o c i a t e d with accumulation of n u c l e i 
thus accounting f o r the n u c l e i c a c i d s y n t h e s i s B P l a t e 
( 2 8 ( 2 ) ) 0 Therefore,, i t was concluded t h a t the t o t a l 
c o n c e n t r a t i o n recovery of the components measured was the 
same f o r the t i p , middle and b a s a l segments„ but w i t h i n 
each segment d i f f e r e n c e s of d i s t r i b u t i o n were seen,, 
2= d i s t r i b u t i o n of n u c l e i during r e g e n e r a t i o n 
The t i p segment with a l a c k of the apex r e g i o n was 
shown to have abnormal f e a t u r e branching of growth as 
shown i n P l a t e (30(1) )„ h branch ^ s formed a t 4 hours 
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a f t e r c u t t i n g and was seen t o be a s s o c i a t e d with changes 
i n the normal d i s t r i b u t i o n of the nuclei,, The s i t e of 
branch formation appeared t o have a g r e a t e r number of 
n u c l e i than the region which was damaged internally„ 
P l a t e ( 3 0 ( 2 ) ) 0 Such damage could be a t t r i b u t e d t o the 
e f f e c t of the mechanical c u t t i n g 0 Thus changing the 
normal d i s t r i b u t i o n of n u c l e i could produce an abnormal 
growths Changing by mechanical shock the normal dis= 
t r i b u t i o n of o r g a n e l l e s involved i n c a r r y i n g the w a l l 
p r e c u r s o r s could be considered t o such abnormal branch 
formationo 
U s u a l l y n u c l e i were seen to accumulate a t the c u t t i n g 
s i t e of segments and t h i s accumulation was followed by 
wound h e a l i n g and then sporangiophore developed from the 
regenerated s i t e * As shown i n P l a t e (30(3,4)),, more 
accumulation of n u c l e i can be seen a t the a p i c a l end of 
the t i p segment„ where the branched sporangiophore 
developed„ 
I n some cas e s as shown i n P l a t e ( 3 1 ( 1 ) ) , no branch 
formation can be seen but the dome l i k e t i p s t r u c t u r e was 
developed a f t e r w a l l h e a l i n g or septum formation,, A 
gre a t e r accumulation of n u c l e i can be seen i n the area 
producing the septum 0 Using high m a g n i f i c a t i o n of the 
pr e p a r a t i o n as shown i n P l a t e (31(2))„ there was a 
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d i f f e r e n c e i n the s i z e and i n t e n s i t y ©f s t a i n i n g f o r 
nucleio N u c l e i which are below the r e g e n e r a t i o n show 
g r e a t e r i n t e n s i t y of s t a i n (Feulgen) and a s m a l l e r s i s e 
compared with those above the regeneration., N u c l e i 
above the r e g e n e r a t i o n s i t e appeared l a r g e r and a l s o 
showed what appeared to be fragmentation i n t o s m a l l e r 
n u c l e i or more d i s t i n c t chromosomes„ Normal m i t o t i c 
d i v i s i o n was not seen» Such fragmentation of n u c l e i can 
be a t t r i b u t e d here to the p o s s i b l e p r o l i f e r a t i o n of the 
n u c l e a r envelope and such an e x p l a n a t i o n was considered 
because of the abnormal c o n d i t i o n of the sporangiophore c 
S i n c e an i n t e r - a s s o c i a t i o n between nuclear envelope and 
v e s i c l e s formation has been found (see Weber & Hess, 1976) 
i t can be suggested t h a t the p r o l i f e r a t i o n of fragmentation 
of nuclear envelope could be r e l a t e d t o the formation of 
c e l l w a l l precursors„ Since s i m i l a r preparations were 
s t a i n e d f o r w a l l s y n t h e s i s using UVitex BOPT and these 
showed a g r e a t e r i n t e n s i t y of s t a i n bound t o the w a l l , 
a t the r e g i o n which showed fragmented nuclei,, The 
i n t e n s i t y of s t a i n binding was l e s s a t p a r t s below the 
r e g e n e r a t i o n , P l a t e ( 3 1 ( 3 , 4 ) ) . A d d i t i o n a l l y , an unknown 
dense body which s t a i n e d i n t e n s e l y with Feulgen s t a i n , 
was seen below the r e g e n e r a t i o n s i t e , and i t i s suggested 
t h a t i t may have a f u n c t i o n i n d i r e c t i n g growth,, Such a 
body may resemble i n i t s f u n c t i o n the 'spitzenkorper' body 
= 97= 
which was found a t the extreme apex of the hyphae of f u n g i 
such as Neurospora crajssa and R h i z o c t o n i a s o l a n i (see 
G i r b a r d t , 1957 and reviewed by Grove, 1978) <, a d d i t i o n a l l y * 
s i n c e i t s t a i n e d i n t e n s e l y by the nuclear s t a i n 0 i t 
seemed to be c o r r e l a t e d with the n u c l e i l o c a t i o n and 
d i r e c t i o n 0 
T i p segments with l a c k i n g a p i c e s a l s o showed the 
development of more than one branch as shown i n P l a t e ( 3 2 ( 2 ) ) 0 
N u c l e i were a l s o seen d i s t r i b u t e d along the regenerated 
sporangiophore and s t a i n e d i n t e n s e l y with a c r i d i n e orange 0 
L e s s n u c l e i were seen accumulated a t an a p i c a l end of the 
middle segment as shown i n P l a t e (32(3))„ The r e g e n e r a t i o n 
s i t e or septum was a l s o s t a i n e d i n t e n s e l y by Feulgen s t a i n 0 
A f t e r r e g e n e r a t i o n of the b a s a l segments i t was 
s t a i n e d with Feulgen and shown i n P l a t e ( 3 2 ( 4 ) K N u c l e i 
can be seen d i s t r i b u t e d l e s s densely along the developed 
sporangiophore D A dense body can a l s o be seen a t the 
b a s a l r e g i o n of the developed sporangiophore 0 No septum 
was seen. Thus,, such a body was seen i n more than one 
p r e p a r a t i o n a t the b a s a l r e g i o n of the regenerated and 
developed sporangiophores„ Thus i t may r e f l e c t a 
s i g n i f i c a n t p h y s i o l o g i c a l s t a t e of the growth direction,, 
Such a body was not found during normal growth of the 
sporangiophore and thus i t can be suggested t h a t i t i s 
= 98-
not apparent during normal growth but reappears i n some 
ca s e s of abnormal growth of r e g e n e r a t i o n and branching,, 
G e n e r a l l y , d i s t r i b u t i o n and accumulation of n u c l e i 
appeared to vary from segment to segment and g r e a t e r 
accumulation was found at the t i p r e g i o n of sporangiophore 
which may be c o r r e l a t e d with more metabolic a c t i v i t y and 
a p i c a l growth extension., 
3 o D i s t r i b u t i o n of w a l l s u b s t a n c e s during the 
r e g e n e r a t i o n and development of sporanqiophores 
The l o c a t i o n of the w a l l p o l y s a c c a r i d e f r a c t i o n s was 
determined c y t o l o g i c a l l y , and q u a n t i t a t i v e l y estimated 
using Uvitess BOPT s t a i n , by the methods de s c r i b e d i n . 
m a t e r i a l s and methods„ The a b i l i t y of the f l u o r e s c e n t 
s t a i n to bind to the p o l y s a c c h a r i d e f r a c t i o n was u t i l i z e d 
t o give information about the l o c a t i o n and contents of the 
c e l l w a l l produced during sporangiophore regeneration., 
Synchronized sporangiophores of stage I were c u t 
i n t o a s e r i e s of 3 t o 5 segments„ They were c u l t u r e d on 
s o l i d minimal medium f o l l o w i n g a method de s c r i b e d i n 
m a t e r i a l s and methods. During r e g e n e r a t i o n , the c o n c e n t r a t i o n 
of adsorbed s t a i n per s e c t i o n was estimated as shown i n 
F i g u r e (19)„ The amount of p o l y s a c c h a r i d e accumulated may 
thus r e f l e c t the a c t i v i t y of w a l l synthesis„ 
The amount of u v i t e x BOPT s t a i n adsorbed by w a l l s of 
segments during r e g e n e r a t i o n and development<, 1 mg dry 
weight w a l l per 5 ml standard s t a i n s o l u t i o n was incubated 
i n the dark f o r 4 minutes 0 The amount of s t a i n adsorbed 
by the w a l l was c a l c u l a t e d from the c a l i b r a t i o n curve a f t e r 
measuring the absqrbanee a t 350 mm (see m a t e r i a l s and 
methods of Chapter I ) 0 
1 „ Sporangiophoares were c u t i n t o 3 equal length 
segments (5 mm) 
• T i p segments 
O Middle segments 
V Base segments 
2o Sporangiopjiores were cut i n t o 5 equal length 
segments (5 mm) 
• T i p segments 
• T i p segment but w i t h no 
apex regions 
A Middle segments 
O Sub-middle segments 
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The h i g h e s t c o n c e n t r a t i o n of s t a i n was found i n the 
t i p segment with the l e a s t i n the b a s a l segment, Adsorbtion 
of s t a i n s t a r t e d a t 4=5 hours i , e , before r e g e n e r a t i o n 
s t a r t e d . Maximal adsorbtion was found a f t e r approximately 
10 hours for base, 14 hours f o r middle and 16 hours f o r 
t i p segments. The a p i c a l end of t i p segment shewed a 
g r e a t e r i n t e n s i t y of Uvitex BOPT than other segments. 
T h i s could be r e l a t e d to the degree of r egeneration and 
i n d i c a t e s areas of high w a l l s y n t h e t i c a c t i v i t y , P l a t e (3-3), 
hs shown, the area which e x h i b i t e d g r e a t e r i n t e n s i t y 
of w a l l s t a i n i n g , a l s o showed a g r e a t e r number of n u c l e i 
and more c o n c e n t r a t i o n of n u c l e i c a c i d s and p r o t e i n ^ 
f u r t h e r i n d i c a t i n g high metabolic a c t i v i t y . 
-100= 
14„ EFFECT OF NUCLEIC ACID AND PROTEIN SYNTHESIS 
INHIBITORS n AND NUCLEAR DIVISION INHIBITOR ON GROWTH 
AND_ DE^LpPjjEOT_ 0F_ SPORANGIOPHORES 
The r o l e of n u c l e i c a c i d and p r o t e i n s y n t h e s i s i n 
the growth and development of sporangiophores was t e s t e d 
by inc u b a t i n g sporangiophores of stage I i n actinomycin D 
(as an i n h i b i t o r of RNA s y n t h e s i s a t the t r a n s c r i p t i o n a l 
s i t e ) o 6 = methylpurine (an RNA analogue i n h i b i t o r ) , 
r i f a m p i c i n (an i n h i b i t o r of o r g a n e l l e RNA Polymerases)^ 
ethidium bromide (an i n h i b i t o r of DNA s y n t h e s i s of 
mitochondria ) , cycloheximide (a potent i n h i b i t o r of 
p r o t e i n s y n t h e s i s on cytoplasmic ribosomes) , MDMP 
(2- (4~methy1=2, 6 - d i n i t r o a n i l i n o ) =N= methyl proprionamide) 
i n h i b i t o r of p r o t e i n synthesis,, and c o l c h i c i n e , an 
i n h i b i t o r of m i t o t i c d i v i s i o n of n u c l e i „ 
The minimal e f f e c t i v e c o n c e n t r a t i o n of each i n h i b i t o r 
was determined, by incubating sporangiophores on 
s o l u t i o n s of 10, 20, 30, 40, 50, 60, 80, 100 and 200 
-1 
^ig 0ml i n d i s t i l l e d water„ Sporangiophores which were 
c u l t u r e d i n water were used as controls„ Sporangiophores 
which were manipulated were i s o l a t e d from the c u l t u r e 
and used f o r the e n t i r e s e r i e s of experiments„ The 
b a s a l ends of i s o l a t e d sporangiophores were c a r e f u l l y 
dipped i n the i n h i b i t o r s o l u t i o n s f o l l o w i n g the same 
method p r e v i o u s l y described f o r c u l t u r i n g i s o l a t e d 
= 101 
sporangiophores= The length i n c r e a s e of the sporangiophorea 
were measured using a t r a v e l l i n g microscope„ Table (3) 
shows the mean va l u e s of growth a g a i n s t the c o n c e n t r a t i o n 
of the i n h i b i t o r s o E f f e c t i v e c o n c e n t r a t i o n s used i n the 
experimental s e t s were as f o l l o w s ? ~ 
Cycloheximide 20 ug 0ml - I 
6~MethyIpur ine 25 ng cml = 1 
Actinomycin=D 25 ug Gml = 1 
R i f a m p i c i n 25 ug„ml -1 
Ethidium bromide 25 ug Dml •1 
25 • 1 MDMP ug 0ml 
C o l c h i c i n e 25 ug 0ml •1 
Of the i n h i b i t o r s used i t was found t h a t only cycloheximide 
and 6=methylpurine i n h i b i t e d growth of the sporangiophore 
t o stage IV„ However, the f i n a l length of sporangiophore 
was reduced by a l l the inhibitors„ Higher dosages of the 
actinomycin-D, r i f a m p i c i n , ethidium bromide, MDMP and 
c o l c h i c i n e (200 u g ^ l " 1 ) were found to i n h i b i t the growth 
of sporangiophores, t h i s might be due to the c o n c e n t r a t i o n 
b l o c k i n g the whole s y n t h e t i c machinery of the sporangiophore, 
s i n c e higher dosages of actinomycin=D was found not only 
to i n h i b i t mRNA s y n t h e s i s but a l s o the whole s y n t h e t i c 
machinery of the c e l l (Yoshino e t aJU, 1968? Fagard & 
Saad i , 1977, c i t e d by Ramadani,1978) „ "u„... 
S C l E N C t 
SECTION 
TABLEL U) 
The e f f e c t of n u c l e i c a c i d s , p r o t e i n , s y n t h e s i s and n u c l e i d i v i s i o n ; i n h i b i t o r s , o n the gyowfcto 
and development of sporangiophores (1.5 cm i n i n i t i a l length).The f i n a l length 
of the developmental stage i s a mean of 3 r e p l i c a t e s : -
I n h i b i t o r s Concentration (ug-mlj F i n a l developmental F i n a l length 
Stage (cm) 
Ethldium 10 IV 7.4. 
Bromide 20 5.2 

























6-Methylpurine 10 I 2.0 
20 2.0 
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=102= 
Sporangiophores t r e a t e d w ith 25 ugoml"" of 
actinomycin-D, 6-methylpurine, r i f a m p i c i n * ethidium 
= 1 
bromide 0 MDMP^  c o l c h i c i n e and i n 20 ^g 0ml of e y e l o -
heximide were used f o r the e x t r a c t i o n of R l , DHft and 
p r o t e i n 0 The e x t r a c t i o n was c a r r i e d out at a time when 
sporangiophores reached a f i n a l stage of development (IV) 
under the c o n t r o l conditions„ The r e s u l t s are shown i n 
Table ( 4 ) , 
I t was found t h a t the growth i n h i b i t i o n of sporangio-
phores with the cycloheximide (at 20 iig 0ml =' !") and with 
=1 
6-methylpurine ( a t 25 ug„ml ) was a s s o c i a t e d w ith a 
decreased c o n c e n t r a t i o n of p r o t e i n and RMft compared w i t h 
the controlo The c o n c e n t r a t i o n of RNA0 DKSA and p r o t e i n 
of sporangiophores t r e a t e d with other i n h i b i t o r s was seen 
t o resemble those of the c o n t r o l 0 but with a s l i g h t 
decrease i n the sporangiophore which had been t r e a t e d 
w ith actinomycin=D 0 r i f a m p i c i n and ethidium bromide 0 
A s l i g h t decrease i n the c o n c e n t r a t i o n of p r o t e i n was 
a l s o found i n the sporangiophores which have been t r e a t e d 
w ith MDMPo 
Given the l i m i t a t i o n of the use of the i n h i b i t o r s c 
i t appears t h a t the sporangiophore growth r e q u i r e d p r o t e i n 
s y n t h e s i s and new RN& s y n t h e s i s , which bears out the r e s u l t s 
on the accumulation of n u c l e i a t s i t e s of high RNA and 
TABLE (4) 
= 1 T o t a l c o n c e n t r a t i o n of DMA, p r o t e i n and RNA ug 0ml 
f o l l o w i n g the treatment with the i n h i b i t o r s . Weights 
of sporangiophores were taken i n t o account during 
c a l c u l a t i o n s . 
F i n a l stage Concentration (ug 0ml 
I n h i b i t o r s of DMA RNA P r o t e i n 
Development 
C o n t r o l IV 130 280 380 
Cycloheximide I 138 290 162 
MDMP IV 128 259 290 
6~Methylpurine I 141 120 147 
Actinomycin D IV 112 230 330 
R i f a m p i c i n IV 174 208 310 
Ethidium bromide IV 98 278 366 
C o l c h i c i n e IV 102 275 360 
= 103= 
p r o t e i n concentration., F a i l u r e of actinomycin=D may have 
been r e l a t e d to p e n e t r a t i o n problems<, 
The f a i l u r e of i n h i b i t i o n by c o l c h i c i n e of the 
development of sporangiophore could be a t t r i b u t e d t o the 
f a c t t h a t there was no d i v i s i o n of n u c l e i during growth 
of the sporangiophoreo No m i t o t i c d i v i s i o n of n u c l e i was 
found along the sporangiophore during i t s growth by 
Flan a g a n (1970) ,Frank & Reau (1971)„ A l t e r n a t i v e l y the 
c o n c e n t r a t i o n of t h i s i n h i b i t o r or indeed the i n h i b i t o r 
i t s e l f may not have been e f f e c t i v e i n t h i s p a r t i c u l a r 
funguso 
1„ Experimental growth chamber 
2» C u l t u r e chamber f o s i s o l a t e d sporangapphqre 
B„ Transport c y l i n d r i c a l j a r with scpew l i d 
B-6 Small p e t r i d i s h 





Myeelia induced for synchronization 
1. Zero hr s magnification X41 06 
2o 2 hr s magnification X320 
3„ 3 hr s magnification X400 
4o 4 hr s magnification X400 
Branch 
PCs Foot C e l l 
HCr Hypha l i k e cylinder 
Ts Tip region of foot c e l l 
The grown hyphae were f ixed jLn s i t u by a c e t i c acid 
alcohol (ls3 v/v) for 30 minutes,, washed by water for 
5 minutes and then stained by 0 o l % solution toluidine 
blue for 5 minutes 0 The preparations were destained by 
ethylalcQhol (100%) for 2 hours 0 
V 
Plate (3) 
1, Foot c e l l s formed by non-synchronization i n growing 
2, Different zones or regions of maturation,, during 
development of hyphae non-treated for synchronization 
production of sporangiophores„ 
1 •= A region characterized to have t i p s leading 
to hyphae„ No foot c e l l s were seen i n t h i s 
region,, 
2 - A region shown to produce sporangiophores 
of stage I development 
3 - h region shown to have sporangiophores of 
stage IV 
3 0 Development of sporangiophore from globular branched 














Different developmental stages of sporangiophore 
S t a g e y 
The tapered t i p shows greater intensity of 
2. W/all binding s t a i n 
Sporangiophores were fixed i n ace t i c acid-alcohol and 
stained with Toluidine blue as shown i n (1) and stained 
with UVitex BOPT as shown in (2) 
1 = magnification X1280 
2 - magnification X2500 
Stage I I A - Apex region 
Showing swelled tapered tip« Both -represent the 
same stage ©f developments but shows different colour of 
sporangiophore and sporangium,. Sporangiophores were 
not stained 0 
magnification X400 
5 Steage_ZSI 
Showing increase i n the s i z e of the sporangium 
magnification X400 
6-7 Sta^JCV 
Showing morphologically^ the change i n colour of 
sporangium compared with stage I I I 0 Matured spbrangiopho^e 
stage I V shows black colour i n sporangium., 
magnification X320 
Showing wall binding Witex BOPT s t a i n for swelling 
of the tapered region 
9 
Overhead view of.sporangium^ which shows greater 
w a l l binding UVitex BOPT s t a i n 
magnification X2350 
Cbs C e l l wall binding s t a i n 
i<Juc?.ei 









D i s t r i b u t i o n of c e l l wall substances and Dm along the 
s por ang iophose 
1 0 Sporangiophore stained with uvitex BOPT 
magnification X1000 
2 0 Sporangiophore fixed i n ac e t i c acid alcohol and 
stained with Feulgen 
magnification XI000 




Distribut&on of nuclei and wall binding s t a i n during the 
growth and development of sp6rangiophpre 0 Sporangiophores 
were fixed i n ac e t i c aeid~alcohol f i x a t i v e 
1 0 Stage I I 
2,3c Stage I I I 
4„ Stage IV 
magnification X3100 
C? Columella 
eb? C e l l wall binding UVitex BOFT 




Spph s S^raiigiophibre 
Sporangiophores were stained f i r s t by acridine orange 
and then by Uvitex B0PTo 






X. \4 W 
4- N 
- SP! S Ph 
In 
D i s t r i b u t i o n of m^feocho^ri.a along the sporangiophores 
stained with Blue=Tetra2olium (BT) 
I© Tip region of sporangiophoreo The black background 
indicates the location of mitochondria 
magnification X1000 
2o Tip region of the spprangiophore stained with BT 
s t a i n and differentiated with methyl green, 0 o15% 
solution foiir one minutes o Greater accumulation of 
mitochondria can be seen at the apex region compared 
with the DNA 
magnification X400 
3 a Tip region of the sporangiophore stained with BT and 
showing a greater intensity of s t a i n at the apex 
region of the sporangiophore 
magnification X1280 





MS? Mitochondria stained intensely 
Ts Tip region 
RWs Regenerated w a l l .which formed 
after resuming growth of the 
i'eolated sporangiophore.o 
Normal apax i s maintained 
MS 
MS 




D i s t r i b u t i o n of nuclei along stage I„ Sporangiophore 
was fixed with acetic acid-alcohol and stained with 
Giemsa s t a i n 
Id Sub-tip region 
2* Middle region 
3„ Base region 
magnification X3200 




D i s t r i b u t i o n of macromolecules along stage l» 
Sporangiophores were fixed i n ac e t i c acid-alcohol and 
stained with Korson's s t a i n 
l a D RN& di s t r i b u t i o n along the t i p region* pre-treated 
with 0 O 2 nig „ ml" DJNAase before staining 
magnification X 4 0 0 
l b 0 Sporangiophore, pre-treated with 0„2 mgoml"1 
DHAaae and with 0„1% RNaase 
magnification X 3 2 0 
2a„bffc» Dist r i b u t i o n of RNS and DK£ along the sporangio-
phore 
magnification X 3 2 0 
3a*b., R£©i d i s t r i b u t i o n along the sporangiophore, 
pre~treated with 0o2ragomi™ DH&ase 
magnification X40Q 
50 Sporangiophore stained with orange G and showing 
the d i s t r i b u t i o n of protein 
magiaif l c a t i p n X3;20 
@0 DH& di s t r i b u t i o n along the sporangio|)hor#^ .pre**, 
treated with 0 o l % RiEVase 
magnification X 3 2 0 
7a cb f fc DWk d i s t r i b u t i o n along the e^By^ng.iQ'phij^.e^ pre-
treated with 0ol% RiSRase 
mag^iiiiqaiion X32Q 
See page 42 for dotaijls 
i 
3b 
P l a t e (10 
D i s t r i b u t i o n of n u c l e i a long the spoxangiopUoiie,, f i xed i n 
a c e t i c a c i d ° a l c o h o l and s t a i n e d w i t h F i u l g e n s t a i n 
m a g n i f i c a t i o n X320 
OBs Qbeonica l Base 
Nas N u c l e i accumulat ion at the 
a p i c a l r e g i o n 
Pes P e r i p h e r a l r e g i o n 0 surrounding 
the vacuo le 
Vs Vacao le 

P l a t e (11) 
D i s t r i b u t i o n of n u c l e i a t the t i p r e g i o n w i t h h igh 
m a g n i f i c a t i o n 0 Sporasigiophore was f i x e d i n a c e t i c a c i d -
a l c o h o l and s t a i n e d w i t h Feu lgen s t a i n 
m a g n i f i c a t i o n X7000 
Ns N u c l e i 
V ; Vacant zone or E x c l u s i o n zone 
N 
V 
P l a t e (12) 
Morpho log ica l changes dur ing r e g e n e r a t i o n of segments on 
the s o l i d medium 
1° T i p , middle and b a s a l r e g i o n s a f t e r r e g e n e r a t i o n and 
development of sporangiophores 
m a g n i f i c a t i o n X50 
2„ R e g e n e r a t i o n of i s o l a t e d sporangiophore w i t h c u t 
a p i c a l region, , Sporangiophore was c u l t u r e d i n 
l i q u i d minimal medium 
m a g n i f i c a t i o n X33 
3 o Regenera t ion of i s o l a t e d s p o r a n g i o p h o r e „ c u l t u r e d 
on s o l i d medium. T h i s shows the r e g e n e r a t i o n and 
development of sporangiophores from both reg ions 
m a g n i f i c a t i o n X33 
4„ R e g e n e r a t i o n of i s o l a t e d sporangiophore, , c u l t u r e d 
i x i ^ a t e r 
m a g n i f i c a t i o n X26 
a? a p i c a l s i t e w i t h c u t apex r e g i o n 













R e g e n e r a t i o n and development of i s o l a t e d sporangiophores 
c u l t u r e d on the s o l i d minimal medium 
1. Development of two sporangiophores from the b a s a l 
end 
m a g n i f i c a t i o n X100 
2„ Development of one sporangiophore from the b a s a l 
end 
m a g n i f i c a t i o n X100 
3„ Development of sporangiophores from both c u t ends 
m a g n i f i c a t i o n X100 
4„ Development of sporangiophores from the a p i c a l 
region, , and e x h i b i t i n g s t rong p h p t o t r p p i c response 
m a g n i f i c a t i o n X100 
As A p i c a l r e g i o n 
at a p i c a l r e g i o n a f t e r resuming 
growth 
Bs B a s a l r e g i o n ra«2tk vepenervatecD s>??k. 




Spph SPPh TIP 
S I T E BASAL 
Spph S I T E 
mate urn, 
R e g e n e r a t i o n and development of sporang iophores iwhich were 
c u l t u r e d on the s o l i d minimal medium 
I * Regenera t ion and development of sporangipphores 
from the t i p w i t h c u t apex r e g i o n 
m a g n i f i c a t i o n %%%• 
2* R e g e n e r a t i o n and development of sporangiophores 
from the b a s a l r e g i o n 
m a g n i f i c a t i o n X1G0 
3 Regenera t ion and r e ^ r e g e n e r a t i o n of the 
s p d r a n g i © p h o r e from the t i p r e g i o n 
m a g n i f i e a t i o n X100 
4« R e g e n e r a t i o n and development of m y c e l i a and 
sporangiophore from the B a s a l and t i p r e g i o n s 
r e s p e c t i v e l y , , The regenera te sporangiophores from 
the £ i p r e g i o n e x h i b i t i n g p h o t o t r o p i c response 
t o overhead i l l u m i n a t i o n 
m a g n i f i c a t i o n X100 
5* R e g e n e r a t i o n and development of sporangiophores 
from both ends of -sip and b a s a l r e g i o n s . The 
sporangiophore Which emerged from the feip and 
e x h i b i t i n g p h a t o t r o p i c response to overhead 
i l l u m i n a t i o n 
m a g n i f i c a t i o n X100 
60 Regenera t ion and development of sporangiophore a t 
the upper p a r t of the stump on the a t t a c h e d 
sporangiophore, , i0e„ below the l i g a t i o n 
m a g n i f i c a t i o n X100 
L;t legation" 
Res Regenerated sporangiophore 





P l a t e (15), 
D i s t r i b u t i o n of n u c l e i d u r i n g resuming growth a t tsh/e. 
extreme apex of t h e i s o l a t e d sporangiophore „ SpOrangip-
phores were f i x e d i n a c e t i c a c i d - a l c o h o l and s t a i n e d by 
Feu lgen s t a i n , , 
l o N u c l e i d i s t r i b u t i o n a t Oh a f t © ^ i s o l a t i o n 
m a g n i f i c a t i o n X1100 
2 0 N u c l e i d i s t r i b u t i o n a t 8 h r s of c u l t u r i n ^ of the 
sporangidphore i n Ho 0 (1) 
m a g n i f i c a t i o n X11Q0 
h s Apex r e g i o n 
GtR% Growing r e g i o n a £ t e r 
resuming growth 
MBf.s Accumulat ion of i ^ d l e i 






D i s t r i b u t i o n of w a l l b i n d i n g s t a i n (Uvi tex BOPT) d u r i n g 
r e g e n e r a t i o n and development 
I f i s o l a t e d sporangipphore was c u l t u r e d i n l i q u i d 
minimal medium,, i t shows more i n t e s i t y of s t a i n 
a t the apex and & a s a l r e g i o n s of the sporangiophore 
m a g n i f i c a t i o n X2800 
Apex 
Bs Base 
2o Dur ing the development of hyphae from the b a s a l 
r e g i o n 
m a g n i f i c a t i o n X5000 
3 0 High magnif i c a t i o n of the b a s a l r e g i o n <s>fi the 
spprangiophore (No 0 1) 
m a g n i f i c a t i o n X5000 
D? D i f f e r e n t i a t e d Hyphae 
HTs Hyphal main T i p 








Branch f o r m a t i o n a f t e r i so la t i -or i of spprangiopihores 0 
Sporangiophores were f i xed i n a c e t i c abaci' a i e o h o l 0 
l o Presence of branches emerging from the r e g i o n below 
the apex,, Growth a l s o resumiea by the extreme apeXc. 
Sporangiophores were s t a i n e d by Giemsa 
m a g n i f i c a t i o n X I 2 8 0 
2,3 Branch formed a t the s u b - a p i c a l r e g i o n w i t h completed 
apex ( I ) and w i t h c u t apex r e g i o n s (2) „ Sporang io -
phores were p r e - t r e a t e d w i t h DNaase, f i x e d w i t h 
a c e t i c a c i d - a l c o h o l and s t a i n e d w i t h Korson ' s s t a i n , , 
The b a s a l end of the branched sporangiophore shows 
a g r e a t e r i n t e n s i t y of s t a i n f o r R i l 
m a g n i f i c a t i o n X I 2 8 0 
4 0 The a p i c a l t i p of the sporangiophore w i th branches 
a t the s u b - a p i c a l r e g i o n ; no accumulat ion of 
c e l l u l a r components a f t e r s t a i n i n g w i t h orange 6 , 
G r e a t e r i n t e n s i t y of the s t a i n can be seen i n the 
sporangiophore branches 
m a g n i f i c a t i o n X I 2 8 0 
As. Apex 
ftes Accumulat ion of s t a i n or bud 
s c a r 
Br? Branch 




D i s t r i b u t i o n of c e l l w a l l b i n d i n g s t a i n d u r i n g growth of 
the i s o l a t e d sporangiophore 
1 a Sporangiophore growth zone, stained w i t h u v i t e x BOPT 
m a g n i f i c a t i o n X2187 
GZi Growth zone 
2 0 During re g e n e r a t i o n of the sporangiophore from the 
sub-apex region,, The regenerated sporangiophore 
st a i n e d i n t e n s e l y w i t h the UVitex SOFT 
m a g n i f i c a t i o n XI280 
OT % O r i g i n a l T i p 
RPs Regenerated p r o t o p l a s t 
3„ During re g e n e r a t i o n of hypha through the basal 
end of the sporangiophbre f f c u l t u r e d i n l i q u i d minimal 
medium 
ma.gnif i c a t i o n X2187 
RH % Regenerated Hypha 
SB % Spofangiophpre Base 




D i s t r i b u t i o n of p r o t e i n and n u c l e i a f t e r r e g eneration of the 
i s o l a t e d sporarigiophore,, w i t h c u t apex regions v Sporangio~ 
phores were f i & a d i n a c e t i c a c i d - a l c o h o l 
L D i s t r i b u t i o n of p r o t e i n a f t e r 4 hours 
20 D i s t r i b u t i o n of p r o t e i n a f t e r 10 hours 
3 0 D i s t r i b u t i o n of p r o t e i n f o r separate sporangiophores 
a t 1=2 hourso Sporangiophores i n 102„3 were 
st a i n e d w i t h Orange Go 
D i s t r i b u t i o n of n u c l e i a f t e r 2 hours„ Giemsa 
s t a i n was used 
m a g n i f i c a t i o n XI280 
4e50 D i s t r i b u t i o n of n u c l e i a f t e r 3 hours„ Qiemsa 
s t a i n was used 
m a g n i f i c a t i o n X320Q 
N's Nuc l e i 
Prs P r o t e i n accumulation 
Re- Regeneration 




P l a t e (20) 
D i s t r i b u t i o n of w a l l ?oinding s t a i n (Uvitex BOPT) during 
r e g e n e r a t i o n of sporangiophore w i t h c u t apex regions 
(1*3,6). 
1 o Showing f o r m a t i o n of several b r a n e h i i 
m a g n i f i c a t i o n X1250 
2„ Showing s w e l l i n g r e g i o n a f t e r r e g e n e r a t i o n 
m a g n i f i c a t i o n XI250 
3 0 Resuming of a p i c a l growth 
m a g n i f i c a t i o n X2500 
6 0 Branch f o r m a t i o n 
m a g n i f i c a t i o n X2500 
4„ D i s t r i b u t i o n of p r o t e i n a f t e r l i g a t i o n , 
Sporangiophore was f i x e d i n a c e t i c acid--alcohol 
and stained w i t h Grange G 
m a g n i f i c a t i o n X500 
5„70 D i s t r i b u t i o n of Dm and RW\ a f t e r l i g a t i o n of the 
t i p region*, Sporangiophores were f i x e d i n a c e t i c 
a c i d - a l c o h o l and st a i n e d w i t h Korson 
5* i s o l a t e d sporangiophora 
6„ Attached sporangiophore 
m a g n i f i c a t i o n X500 
Brs Branch 
Ls L i g a t u r e place 
Pr ? P r o t e i n 
RT % Regenerated T i p 





M i // 
M 4 ^ ^^BBi 
1 & 2 0 D i s t r i b u t i o n o f Rffl„ Dm and P r o t e i n of stump 
lo 2 hr a f t e r e x c i s i n g apex r e g i o n 
2 0 8 hr a f t e r e x c i s i n g and regeneration 
m a g n i f i c a t i o n XI280 
Sporangiophores were f i x e d i n a c e t i c aeid=alcohol 
and s t a i n e d w i t h Korson 
3 0 D i s t r i b u t i o n of Rm„ DM and P r o t e i n 8 hr a f t e r 
e x c i s i n g apex r e g i o n 
m a g n i f i c a t i o n X500 
F i x a t i o n and s t a i n i n g as i n (1 & 2) 
4„ D i s t r i b u t i o n of ESuclei along the i s o l a t e d 
sporangiophore 8 hr a f t e r e x c i s i n g apex 0 
Sporangiophore was f i x e d i n a c e t i c a c i d - a l c o h o l 
and stained w i t h Giemsa 
m a g n i f i c a t i o n X820 
Autos A u t o l y s i s or Degradation 
M? Nuclei 
SHs S h i f t e d or elevated base 
Vs Vesicles 






D i s t r i b u t i o n of n u c l e i i n the basal r e g i o n of the 
sporangiophores„ SporangiOphores were f i x e d i n a c e t i c 
a c i d - a l c o h o l and sta i n e d w i t h Giemsa s t a i n 
lo Stump on attached spprangiophore 
m a g n i f i c a t i o n X2560 
2o Comparable r e g i o n of i s o l a t e d sporangiophore 
m a g n i f i c a t i o n X2650 





D i s t r i b u t i o n of n u c l e i a t the basal regions„ 
Sporangiophores were f i x e d i n a c e t i c a c i d - a l c p h o l and 
stained w i t h Giemsa 
1 & 2 0 Showing n u c l e i d i s t r i b u t i o n of the basal regions 
of stump on attached sporangiophores 
m a g n i f i c a t i o n X4000 
3. Showing n u c l e i d i s t r i b u t i o n a t the basal r e g i o n 
of comparable i s o l a t e d sporangiophore 
m a g n i f i c a t i o n X4000 
The d i r e c t i o n of movement of n u c l e i , shown 
w i t h s t r a i g h t strands along the axis of the 
sporangiophore 
Ns Nuc l e i 







D i s t r i b u t i o n of nuclei,, v e s i c l e s and RWk d u r i n g 
r e g e n e r a t i o n of the i s o l a t e d sporangiophor#o The 
sporangiophore was c u l t u r e d w i t h o u t apex region* and 
was f i x e d i n a c e t i c a c i d - a l c o h o l and stained w i t h 
a c r i d i n e orange 
lo D i s t r i b u t i o n of n u c l e i , v e s i c l e s and RNS a t 
regenerated s i t e of a p i c a l r e g i o n 
m a g n i f i c a t i o n X4000 
2o D i s t r i b u t i o n of n u c l e i and RNA along the t i p 
r e g i o n a f t e r r e generation 
m a g n i f i c a t i o n X4000 
3 0 D i s t r i b u t i o n of n u c l e i and RN& at the r e g i o n 
below r e g i o n 2 
m a g n i f i c a t i o n X4000 
4 0 D i s t r i b u t i o n of nuclei,, v e s i c l e s and RN& a t the 
•feasal r e g i o n a f t e r r e generation 
m a g n i f i c a t i o n X4000 
Ea's End of the regenerated a p i c a l 
r e g i o n 
Us n u c l e i 
Ve s Vesicles l i k e s t r u c t u r e 
•a 
Plate (25) 
The e f f e c t of the mechanical i n c i s s i o n on the 
d i s t r i b u t i o n of n u c l e i , Sporangiophores were f i x e d i n 
a c e t i c a c i d - a l c o h o l and st a i n e d w i t h Giemsa s t a i n 
l o Before i n c i s s i o n 
2„ A f t e r incission,, greater accumulation of n u c l e i 
can be seen a t the i n j u r e d area 
m a g n i f i c a t i o n X3200 
CS % Current Strands 
I n : I n c i s s i o n 
N; Nuclei 
N r s 
Morphological changes duri n g r e g e n e r a t i o n of segments, 
c u l t u r e d on the s o l i d medium 
m a g n i f i c a t i o n X320 
A = T i p w i t h a p i c a l segment 
o 
& = Sub-apical segment 
M - Middle segment 
SM - Sub middle segment 
B - Basal segment 
a - a p i c a l s i t e 
b <= basal s i t e 
A •= T i p segment w i t h damaged a p i c a l r e g i o n 
A* = T i p segment w i t h i n t a c t a p i c a l r e g i o n , b u t 
showing branch f o r m a t i o n which emerges from 
the sub-apical r e g i o n 
9 
1 t o 4 - Sub~apieal segments showing loca^ison and 
number ©f regenerated sporangiophores a t the 





f M V\ I SM 
Plate J221 
D i s t r i b u t i o n of RISffi d u r i n g r e g eneration of t i p segments 0 
Segments were f i x e d i n a c e t i c aeid^aleohol and st a i n e d 
w i t h Korson's s t a i n 
l o A f t e r 2 hours o f c u t t i n g 
2o A f t e r 2 hours of c u t t i n g and p r e ~ t r e a t e d w i t h 
0„2 mgoml" 1 DN&ase before s t a i n i n g 
m a g n i f i c a t i o n X1280 
3„ A f t e r 4 hours of c u t t i n g and p r e ^ t r e a t e d w i t h 
0 o 2 mgoml = 1 DNAase before s t a i n i n g 
m a g n i f i c a t i o n X I 2 8 0 
4 0 A f t e r 10 hours of c u t t i n g and p r e - t r e a t e d w i t h 
-1 
0o2 mg 0ml before s t a i n i n g 
m a g n i f i c a t i o n X1280 
5 0 A f t e r 8 hours of c u t t i n g 
m a g n i f i c a t i o n X1800 
Of s O r i g i n a l eipPt f ^ i p s i t e 
Kes Regeneration 
Ts T i p r e g i o n 








D i s t r i b u t i o n of DM, and n u c l e i during r e generation of 
t i p segment 0 Segments were c u l t u r e d on s o l i d media 0 
They were f i x e d i n a c e t i c a c i d ^ a l c o h o l 
l o A f t e r 2 hours? s t a i n e d w i t h Korson's s t a i n and 
pre=treated w i t h 0 o l % RMAase before s t a i n i n g 
m a g n i f i c a t i o n X3100 
2 0 A f t e r 4 hours? s t a i n e d w i t h Peulgen s t a i n 
m a g n i f i c a t i o n X1280 
3„ A f t e r 4 hours? t i p segment w i t h compled apex 5 
s t a i n e d w i t h Giemsa s t a i n 
m a g n i f i c a t i o n X2560 
4„ A f t e r 10 hours? s t a i n e d w i t h Korson's s t a i n 
and pre-=treated w i t h 0ol% RS!Aase before s t a i n i n g 
m a g n i f i c a t i o n X6000 
A § Apex rejg^Pa 
Ts T i p segment 
Us Unknown body 
V Vacuole 
r 
D i s t r i b u t i o n of macromolecules a f t e r r e g e n e r a t i o n of 
segments 
Segments were c u l t u r e d on s o l i d media arid f ixed i n a c e t i c 
a c i d - a l c o h o l 
a D RISA d i s t r i b u t i o n along the mid§le segment a f t e r 
20 hours regpnerationo Segments were s t a i n e d 
w i t h Korson^s s t a i n 
m a g n i f i c a t i o n X37© 
b c c t c . D i s t r i b u t i o n of p r o t e i n 2„ 12 and 24 hrs a f t e r 
r e g e n e r a t i o n of middle segments„ Segments were 
stained w i t h orange GQ 
m a g n i f i c a t i o n X320 
d f fe 0 D i s t r i b u t i o n of RNA and DN& a f t e r 14 and 24 hrs 
regeneration of basal segments 0 Segments were 
sta i n e d w i t h Korson's s t a i n 
m a g n i f i c a t i o n X320 
f flg.ph,i„ D i s t r i b u t i o n of p r o t e i n 14 „ 16„ 18 and 24 hrs 
a f t e r r e g e n e r a t i o n of basal segmentso Segments 
were s t a i n e d w i t h Korson's s t a i n 
m a g n i f i c a t i o n X320 
j 0 D i s t r i b u t i o n of p r o t e i n 4 hrs a f t e r r e g eneration 
of the tip-segmento Segment was st a i n e d w i t h 
orange G 
m a g n i f i c a t i o n X400 
brs branch 
deg« degradation 
Prs P r o t r u s i o n 
pros p r o t e i n 
res r e g e n e r a t i o n 





D i s t r i b u t i o n of n u c l e i d u r i n g regeneration of t i p 
segmentsc Segments were f i x e d i n a c e t i c a c i d - a l c o h o l 
and s t a i n e d w i t h (Hemsa 
L A f t e r 4 hrs 
m a g n i f i c a t i o n XXOOO 
2 o A f t e r 4 hrs 
m a g n i f i c a t i o n X 3 2 0 0 
3 , 4 c , Regeneration and development of sporangidphore a t 
the a p i c a l end of t i p segment a f t e r 1 2 hrs 
m a g n i f i c a t i o n X 1 2 5 0 
m a g n i f i c a t i o n X 3 2 0 © 
Acs Accumulation of s t a i n i n d i c a t e s 
n u c l e i 
Aft § Annular l i k e s t r u c t u r e 
Br s ^aijc?h s i t e 
D-8 Damage 
Es N l i c l e i 
R s Rege^r^^ioh,-f^fee. 
WHs Wound Healing 




D i s t r i b u t i o n of n u c l e i along the t i p segments„ during 
regenerations Segments were f i x e d i n a c e t i c a c i d - a l c o h o l 
and s t a i n e d w i t h Giemsa 
1 & 2„ D i s t r i b u t i o n of n u c l e i during regeneration 
and f o r m a t i o n of septum 
1 - m a g n i f i c a t i o n X2100 
2 = m a g n i f i c a t i o n X4000 
3 & 4„ D i s t r i b u t i o n of s t a i n b i n d i n g w a i l substances 
UVitex BOPT was used and examineel under u„v. 
l i g h t 
1 - m a g n i f i c a t i o n X2600 
2 - m a g n i f i c a t i o n X2600 
&s Apex 
Cbs CeS.1 w a l l b r i g h t e n e r 
FrNs Fragmented Nuclei 
Ns Nuc l e i 
RCs Regeneration Channel 
WHs Wall Healing or septum fo r m a t i o n 
UCs Unknown C r y s t a l l i s e d body 




g l a t e (32) 
D i s t r i b u t i o n of n u c l e i d u r i n g r e g e n e r a t i e n of segments 
Segments were f i x e d i n a c e t i c a c i d - a l c o h o l 
1= T i p segments s t a i n e d w i t h Giemsaff showing 
the d i s t r i b u t i o n of n u c l e i a t the c u t s i t e 
m a g n i f i c a t i o n X4000 
2„ T i p segment, stained w i t h a c r i d i n e orange f f and 
showing more than two developed sporangiophores 
m a g n i f i c a t i o n X4000 
3„ Middle segments stained w i t h Giemsa s t a i n 
m a g n i f i c a t i o n X2600 
4 0 Basal segment,, stained w i t h Giemsa 
m a g n i f i c a t i o n X2600 
A s Accumulation of n u c l e i 
G t Cytoplasm 
ca t Current of strands 
N s Hucle i 
Rs s Regenerated sporangiophores 
S : Spss-angiophores 
W: Wall or septum f o r m a t i o n 





D i s t r i b u t i o n of w a l l s t a i n i n g i n t e n s i t y a f t e r regeneration 
of sporangiQphore segments, u v i t e x BOPT was used-. 
l o 12 hr a f t e r r e generation of t i p segment w i t h 
cut apex 
m a g n i f i c a t i o n X1250 
2. 12 hr a f t e r r e g e n e r a t i o n of basal segment 
m a g n i f i c a t i o n X320 
3„ 12 hr a f t e r r e g e n e r a t i o n of the t i p segment 
w i t h completed apex 
m a g n i f i c a t i o n X1250 
4 0 8 hr a f t e r r e g e n e r a t i o n of stump on attached 
sporangiophore 
m a g n i f i c a t i o n X1250 
5 0 The t i p r e g i o n of stage I I 
m a g n i f i c a t i o n X52 
6 0 The t i p r e g i o n of stave XV 
m a g n i f i c a t i o n X - 4 1 
ft ? Apex r e g i o n 
B; Basal r e g i o n 
RSs Regenerated Sporangiophoro 
RB % Regenerated Base 
Ts T i p r e g i o n of stump 
S s Sporangium 
1 
-104= 
CHAPTER I I 
P r o t o p l a s t s Study 
= 105= 
15„ INTRODUCTION 
Stud i e s on the cytoplasmic mechanisms of 
r e g e n e r a t i o n and development of sporangiophores are 
hampered by the presence of the c e l l w a l l o The penetra-
t i o n of s o l u t e s o f i x a t i v e s , s t a i n s and a n t i b i o t i c s i s 
obstructed s i n c e the sporangiophore has been shown t o 
have a very t h i c k c u t i c l e as a p r o t e c t i v e l a y e r (Furch & 
Gooday, 1978) 0 Therefore i t was necessary to develop a 
system without c e l l w a l l i„e 0 p r o t o p l a s t s , see review 
by Peberdy (1978)„ I n a d d i t i o n , i t was suggested t h a t , 
s t u d i e s with the p r o t o p l a s t system may allow a q u a n t i t a t i v e 
i n v e s t i g a t i o n concerning growth and development of 
d i f f e r e n t regions i 0 e 0 t i p , middle and base, or compart-
ments of the sporangiophoreo 
P r o t o p l a s t manipulation has been used as a good 
model i n understanding growth and development of f u n g i 
(reviewed by V i l l a n e u v a & Garcia-Acha, 1971; Peberdy/ 
1972? 1978? Peberdy e t a l . , 1976? v r i e s , 1974). Under 
s t a b i l i s i n g c o n d i t i o n s c u l t i v a t i o n of the p r o t o p l a s t s 
e x p l o i t s what appears t o be an innate c a p a c i t y t o 
r e b u i l d a c e l l w a l l and u l t i m a t e l y develop a form 
i d e n t i c a l to the c e l l from which they were isolated,, 
Burgeff (1914) showed t h a t when the c u t end of one 
sporangiophore was i n s e r t e d i n t o the c u t end of another, 
-106-
of d i f f e r e n t sex, the product would sprout a new sporang-
iophore 0 Weide (1939) squeezed the cytoplasmic contents 
of s e v e r a l sporangia i n t o a common dr o p l e t and t h i s 
d r o p l e t was shown to regenerate a hypha when i t was i n 
contac t with a fragment of w a l l material„ Gruen & Ootaki 
(1972) developed a method, i n v o l v i n g the g r a f t i n g of two 
separated segments of sporangiophores from which they 
concluded t h a t the fused protoplasm showed a re g e n e r a t i o n . 
S t u d i e s on microsurgery, m i c r o i n j e c t i o n and h e t e r o -
karyon production of the cytoplasm (see Bergman e t ajL = <? 
1969? Zalokar, 1969? Ootaki, 1973? Ootaki e t a l e , 1973, 
1974, 1977) made use of the f a c t t h a t the cytoplasmic 
o r g a n e l l e s or components could be separated a l i v e and a t a 
c e r t a i n f u n c t i o n and a c t i v i t y . , I t has been reported, 
Bergman e t a3. o t (1969), t h a t s e v e r a l methods are p o s s i b l e 
by which v i a b l e protoplasm can be obtained? the t i p of 
the sporangiophore can be c u t and the contents allowed to 
ooze out under p o s i t i v e pressure (analogous to p i e r c i n g 
the sporangiophore a t the bottom)„ Also, when the 
sporangiophore i s cut at appropriate l e v e l s (analogous to 
s e c t i o n i n g as a c u t made through the va c u o l a r l a y e r ) , the 
cytoplasm can be sucked out with a micropipstte„ These 
s t u d i e s have suggested t h a t a f u r t h e r manipulation of 
separated cytoplasm may add information on ensyme a c t i v i t y 
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and w a l l s y n t h e s i s 0 
P r o t o p l a s t s of Phjrcgmyces b l a k e s l e e a n u s hyphae,, :of 
d i f f e r e n t s t r a i n s were a l s o i s o l a t e d by an enzyme 0 
e x t r a c t e d from Trj.choderma v i r i d e (Binding & Weber B 1974)<, 
The above work involved the f u s i o n of the p r o t o p l a s t s to 
produce a heterokaryon strain,, The f u s i o n and r e g e n e r a t i o n 
of the cytoplasm of Phycornyces showed (Burgeff^ 1914; 
Weide, 1939? Oootaki & Gruen, 1970) a v a r i a n c e between 
contents i s o l a t e d from d i f f e r e n t regions of hyphae f f and i t 
was suggested t h a t those processes may depend on the 
a c t i v i t y of s u b - c e l l u l a r o r g a n e l l e s which were a l r e a d y 
d i s t r i b u t e d along the a x i s ( c o m p a r t m e n t l i z a t i o n ) 0 
I t has been found t h a t c h i t i n and c h i t o s a n make up 
the major compositions of the w a l l of the sporangiophore 
(Bergman e t a l o ^ 1969)„ the p o s s i b i l i t y t h a t treatment 
with h y d r o l y t i c enzymes could lead a r e l e a s e of the proto-
p l a s t s i n an osmotic s t a b i l i z e d medium* was i n v e s t i g a t e d 
i n t h i s study,, I n a d d i t i o n mechanical manipulation was 
a l s o used to i s o l a t e p r o t o p l a s t s and t o i l l u s t r a t e the 
i n t e r r e l a t i o n s h i p between l o c a t i o n and a c t i v i t y of c e l l u l a r 
components, cytoplasmic o r g a n e l l e s and components with 
the c e l l w a l l synthesis„ L i k e w i s e i t has been found t h a t 
an i n t e r r e l a t i o n s h i p e x i s t s between the l o c a t i o n of c e l l 
w a l l s y n t h e s i s and the d i s t r i b u t i o n of cytoplasmic o r g a n e l l e s 
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(Weber & Hess,, 1976; Grove, 1978) . 
Regeneration and development of many s p e c i e s of 
fungal p r o t o p l a s t s has been shown t o have two separate 
stages? production of a new w a l l and r e v e r s i o n t o the 
f i n a l stage of developing a hypha which emerged from the 
p r o t o p l a s t s (see G u l l _et a l . , 1972? Benitez e t d . 5 1975b? 
Peberdy e t a l o „ 1976 and reviewed by Peberdy,1978)„ 
A p a t t e r n of p r o t o p l a s t development i n which a budding 
c h a i n developed was reviewed by Peberdy (1975, 1978) and 
V r i e s (1974)„ One or more normal hypha developed u s u a l l y 
from the growing t i p d i s t a l t o the p r o t o p l a s t , as found i n 
A s p e r g i l l u s nidulans (Gibson & Peberdy„ 1972) 0 i n 
P e n i c i l l i u m chrysoqenum (Anne e t a l 0 0 1974) or from the 
o r i g i n a l p r o t o p l a s t as i n Trichoderma v i r i d e (Benitez 
e t a l o j 1975a) 0 and i n A s p e r g i l l u s sp„ (Davis e t a l o 0 1977)„ 
Regeneration of m i c r o f i b r i l s of the w a l l from a 
granular s t r u c t u r e was a l s o shown by McMurrough & 
B a r t n i c k i - G a r c i a ( 1 9 7 1 ) a Many p r o t o p l a s t s a l s o develop 
i n t o i r r e g u l a r polymorphic s t r u c t u r e s without hyphal 
developmento C u l t u r e medium and the c o n d i t i o n of the 
p r o t o p l a s t s during the c u l t i v a t i o n are reported to have an 
i n f l u e n c e i n determining the form and s t r u c t u r e of the 
developed hyphae 0 
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D i f f e r e n t methods were used t o measure the r e g e n e r a t i o n 
and development of the protoplasts„ The methods f o r 
measurement v a r i e d under d i f f e r e n t c o n d i t i o n s of growth 
and media,Peberdy & Buckley (1973)„ The method based on 
the property of adsorbtion of an o p t i c a l b r i g h t e n e r dye 
(or f l u o r e s c e n t s t a i n ) from a standard s o l u t i o n was 
recognised to be a s a t i s f a c t o r y method f o r obtaining 
q u a n t i t a t i v e measurements of r e g e n e r a t i o n and development 
of the protoplasts„ Since these dyes are c h a r a c t e r i s e d 
i n binding to p o l y s a c c h a r i d e s of the w a l l (Peberdy, 1978) 
they may a l s o r e v e a l a r e a l a c t i v i t y of the p r o t o p l a s t s 
during the regeneration,, A method based on counting the 
p r o t o p l a s t s , may be art5 f a c t u a l i n t h a t l i v i n g and dead 
s t r u c t u r e s would be recorded 0 
Success i n any such i s o l a t i o n s , manipulations and 
q u a n t i t a t i v e measurements of the r e g e n e r a t i o n and 
development of the p r o t o p l a s t s of stage I sporangiophore 
should g i v e a b e t t e r understanding of the growth and 
developments C u l t u r i n g t i p p r o t o p l a s t s , which c o n t a i n 
a c t i v e cytoplasmic c o n s t i t u e n t s , could w e l l provide a 
much b e t t e r model f o r an a n a l y s i s of r o l e of RNA and 
ribosomes i n such development„ 
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16„ MATERIALS AMD METHODS 
Synchronized stage I (10=20 mm i n length) sporangio-
phores were plucked c a r e f u l l y from the mycelia and 
manipulated f o r i s o l a t i n g p r o t o p l a s t s by e i t h e r of the 
f o l l o w i n g methods s 
1 0 Enzymajtic 
P r o t o p l a s t s from sporangiophores a t same age and 
same length were i s o l a t e d , using an enzyme(s) which was 
e x t r a c t e d from the fungus Trxchoderma v i r i d e by the methods 
of Binding & Weber (1974) and V r i e s (1974)„ A Triehoderma 
v i r i d e c u l t u r e was stocked and maintained i n the f o l l o w i n g 
minimal medium where a maximal growth was obtained„ 
D = Glucose 3 gm 
K H 2 P 0 4 2 gm 
( i m 4 ) 2 s o 4 1.4 gm 
MgS0 4°7H 20 0o3 gm 
CaCl^6H 0 0 o 3 gm 
Mycological peptone 1 gm 
Urea 0 o 3 gm 
Pure g l y c e r i n e 10 ml 
D i s t i l l e d water 1000 ml 
-1 
S o l i d medium was prepared by adding 20 g•1 agar t o 
the above mediuiru Media were autoclaved i n a s i m i l a r way 
as f o r Phycomyces„ The c u l t u r e was r o u t i n e l y r e c u l t u r e d 
every week and c u l t u r e s were incubated under continuous 
- I l l -
f i t t e d head i l l u m i n a t i o n of white f l u o r e s c e n t l i g h t (20W) 
i n a growth chamber, see P l a t e ( 1 ( 1 ) ) and at room 
o 
temperature 23 ± 2 C, 
1 ml of a spore suspension of Trichoderma v i r i d e 
5 
(approximately 10 spores) was inoculated i n t o a 2L 
f l a s k c o n t a i n i n g 250 ml l i q u i d medium* with g l y c e r i n e 
-1 
omitted. The autoclaved medium contained 5 gm • I of 
enzyme substrates,which were d r i e d s t e r i l i z e d Phycomyces 
sporangiophore w a l l (see below) or commercial c h i t o s a n , 
2„ Pre p a r a t i o n of the w a l l s _ o f sporanqiophores as 
a s u b s t r a t e f o r a c t i v a t i n g s e c r e t i o n of l y t i c 
enzyme(s) 
Sporangiophores grwia i n minimal medium were har v e s t e d 
and ground a f t e r f r e e z i n g i n l i q u i d nitrogen,, Grinding 
was c a r r i e d out using a p e s t l e and mortar, A f t e r grinding* 
the e x t r a c t s were washed s e v e r a l times with d i s t i l l e d water* 
u n t i l no more cytoplasm was removed„ Each washing s t e p 
was followed by c e n t r i f u g a t i o n a t 500 x g (MSE Bench 
c e n t r i f u g e ) f o r 5 minutes. The sedimented ^ a l l s were 
c o l l e c t e d and d r i e d i n an oven a t a temperature of 55°C 
f o r 2-5 minuteso T h i s procedure was repeated u n t i l enough 
weight was obtained. 
C u l t u r e s were then maintained at 23 ± 2°C under 20W 
lamps on an o r b i t a l shaker a t 120 revs/min, Myeelia 
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whieh were developed a f t e r a period of 2=3 days were 
f i l t e r e d o f f and the c u l t u r e f i l t r a t e ( l i q u i d ) was 
r e t a i n e d t o e x t r a c t the l y t i c enzyme(s) 0 Ammonium 
sulphate was added to the supernatant to 80% s a t u r a t i o n . 
The p r e p a r a t i o n was kept f o r 4°C f o r 24 hours f o r 
complete p r e c i p i t a t i o n , f o l l o w i n g t h i s time, i t was 
ce n t r i f u g e d a t 14000 x g (MSE 18 c e n t r i f u g e ) f o r 8 
minuteso The p r e c i p i t a t e was c o l l e c t e d and d i s s o l v e d i n 
= 2 
a minimal volume of 10 M phosphate b u f f e r a t pH 5„8 and 
the supernatant was discarded„ The bu f f e r e d enzyme 
s o l u t i o n was d i a l y s e d a g a i n s t water f o r a f u r t h e r 
purification» Any p r e c i p i t a t i o n obtained i n t h i s s t e p 
was di s c a r d e d , and the buffered s o l u t i o n of l y t i c enzymes 
was l y o p h i l i z e d and kept at=20°C u n t i l needed„ 
The c o n c e n t r a t i o n of p r o t e i n was estimated by Lowry 
jet aj.,, (1951) method which was desc r i b e d i n m a t e r i a l s 
=1 
and methods, Chapter I„ 1-3 mg-ml p r o t e i n was estimated, 
=1 
and as a p r e l i m i n a r y t e s t 1 nig*ml p r o t e i n was found to 
have the a b i l i t y t o l y s e the w a l l , the p r o t o p l a s t s were 
l i b e r a t e d from the t i p r e g i o n , F i g u r e (20(1))„ S t a b i l i t y 
of the p r o t o p l a s t s during the incubation was shown t o vary 
w i t h i n the reaction,, The optimal condition was obtained 
by t e s t i n g the r e a c t i o n under s e v e r a l points„ 
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E f f e c t ©f the osmotic s t a b i l i z e r of the l v t i c 
medium on t h e i s o l a t i o n and s t a b i l i t y of 
pxotoplas^s 
P r i o r to manipulation f o r i s o l a t i o n p r o t o p l a s t , 
sporangiophores were washed i n 0„05M phosphate b u f f e r 
pH 7 o0 to remove any spores present„ lgnm f r e s h weight 
=1 
©f stage I sporangiophores were incubated with 1=3 mg-ml 
w a l l l y s i s enzyme(s) i n a c l o s e d tube a t 23 ± 2°C„ 
D i f f e r e n t osmotic s t a b i l i z e r s were included Nad* KCl, 
MgCl 2„6H 20, S o r b i t o l , MgS0 4o7H 20 5 m^Cl, ( N H 4 ) 2 S 0 4 , 
K H 2 P 0 4 ° I n i t i a l l y d i f f e r e n t m o l a r i t i e s (0 ol=lM) f o r each 
compound were t e s t e d and by examination, i t was found t h a t 
more than 0<,8~lM, produced e x t e n s i v e l y s i s and the proto= 
p l a s t s a l s o showed p l a s m o l y s i s 0 T h i s c o n d i t i o n was l e s s 
i n s o r b i t o l and MgS0 4„7H 20o A d d i t i o n a l l y 0 o5M s o r b i t o l 
was shown to give contamination with y e a s t and other 
organismso F u r t h e r s t u d i e s showed t h a t MgS0 4„7H 20 a t 
0 o5M appeared t o achieve a b e t t e r s t a b i l i z a t i o n and a 
good y i e l d of p r o t o p l a s t s . Figure ( 2 0 ( 2 ) ) c 
4o E f f e c t of P g o f l y t i c medium on the s t a b i l i z a t i o n 
0o05M phosphate b u f f e r was shown i n i t i a l l y to achieve 
a b e t t e r s t a b i l i z a t i o n as judged by microscopy 0 The f i n a l 
y i e l d of the p r o t o p l a s t was shown t o v a r y a t d i f f e r e n t 
pH v a l u e s 0 
o t o p l a s t s of 
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As shown, a gr e a t e r y i e l d of p r o t o p l a s t s was obtained 
=1 
i n l y t i c medium c o n t a i n i n g 2 mg.ml enzyme with 0 o5M 
MgS0 4„7H 20 and a t 0 o05M phosphate b u f f e r of pH 508=6.0, 
F i g u r e ( 2 0 ( 3 ) ) 0 T h i s l y t i c medium was used as a standard 
i n the experimental s e t s of the p r o t o p l a s t studies<, 
P r o t o p l a s t s were counted using a hemocyt@meter and the 
methods are des c r i b e d below 0 
5o P r e p a r a t i o n of p r o t o p l a s t s f o r counting and 
reg e n e r a t i o n s t u d i e s 
An optimal y i e l d of s t a b i l i z e d p r o t o p l a s t s was 
found t o be achieved a f t e r 3~4 hours of incubating the 
sjporangiophores ( i 0 e 0 1 gm sporangiogihore f r e s h weight 
par 20 ml of l y t i c medium)„ A f t e r l i b e r a t i n g a l l of the 
protoplasm from the incubated sporangiophores (examined 
under the microscope), the inc u b a t i o n mixture was 
ce n t r i f u g e d i n an MSE bench c e n t r i f u g e a t a speed of 
500 x g f o r 10 minutes 0 T h i s r e s u l t e d i n a l a y e r of 
vacuolated p r o t o p l a s t s f l o a t i n g a t the miniscus, f r e e of 
any r e s i d u e s of sporangiophores„ The f l o a t i n g p r o t o p l a s t s 
were p i p e t t e d i n t o a graduated tube., The sedimented 
p e l l e t , contained the r e s i d u e s of sporangiophores and 
a l s o the non=vacuolated p r o t o p l a s t s . Using a f i n e and 
s t e r i l i s e d sharp needle the r e s i d u a l sporangiophores were 
removed and the p e l l e t of sedimented p r o t o p l a s t s l e f t . 
The supernatant was added t o the tube c o n t a i n i n g the 
1. - E f f e c t ©f d i f f e r e n t eojicentrations of enzyme(s) on 
the r e l e a s e of, p r o t o p l a s t s 
2 = E f f e c t of d i f f e r e n t osmotic s t a b i l i s e r s on the 
r e l e a s e of p r o t o p l a s t s i n the presence of 2 mg0ml 
engyme(s) 
• 0o5 M MgS0 4o7H 20 
o 0„5 M s o r b i t o l 
A 0 o 5 M McGl 2o6H 20 
O 0 o 5 M 
O 0o5 M ( K H 4 ) r S 0 4 
A 0„5 M 
V 0 o 5 M NaCl 
• Q„5 M KC1 
3 - E f f e c t of d i f f e r e n t pH v a l u e s of C O S M phOfphat© 
b u f f e r an the roloaae of p r o t o p l a s t s i n l y t i c 
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vac u o l a t e d p r o t o p l a s t s 0 The sedimented p r o t o p l a s t s were 
washed with 3 ml of 0„5M MgSC>4 at pH 6,0 i n 0,05M 
phosphate b u f f e r . T h i s was repeated three times t o 
remove any enzyme ex c e s s , The p e l l e t was then resuspanded 
i n a known volume of the s t a b i l i z i n g s o l u t i o n and t h i s was 
used f o r counting and r e g e n e r a t i o n s t u d i e s . The vacuolated 
p r o t o p l a s t suspension was f i l t e r e d using a s u i t a b l e micro-
paper? t h i s was c a r r i e d out a f t e r measuring the diameter 
of the p r o t o p l a s t s . F i l t r a t i o n was followed by washing 
the vacuolated p r o t o p l a s t s and t h i s treatment was a l s o 
repeated three times to remove enzyme e x c e s s . Vacuolated 
p r o t o p l a s t s then were resuspended i n a known volume of 
s t a b i l i s i n g s o l u t i o n and t h i s was used f o r counting and 
re g e n e r a t i o n s t u d i e s . The r e l a t i v e proportion and t o t a l 
numbers of vacuolated and non-vacuolated p r o t o p l a s t s are 
shown i n Figure ( 2 1 ) , 
6„ Methods f o r counting and examining p r o t o p l a s t s 
P r o t o p l a s t s were counted using a heraocytometer system 
which i s described by H a l l & Hawkins (1975) , Parsons & 
Schapiro (1975)„ Suspension of p r o t o p l a s t s were counted 
u n t i l a constant v a l u e was obtained f o r the sample. By 
c o r r e c t i o n f o r volume, the t o t a l number of p r o t o p l a s t s 
i n a given e x t r a c t i o n was determined. 
P r o t o p l a s t s i s o l a t e d fey s s i p e ( s ) 5 fi£.pm- sppraftgipphor© „ 
0„5 gm i n feasti weight, 15-20 mm i n length and e t 
d i f f e r e n t i n t e r v a l s , Sporsmgiophores were submerged i n 
l y t i c medium c o n t a i n i n g 2 mgoml" enzyme (s) with 0 o5 M 
MgSO^<,7H20 and a t pH 6„5 phosphate b u f f e r 
Non-vaeuolated p r o t o p l a s t s 
Vacuolated p r o t o p l a s t s 
T o t a l number of p r o t o p l a s t s 




Time ( min„) 
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2 o Mechanical 
The protoplasm of sporangiophores was also isolated 
by placing submerged sporangiophores i n a hypertonic 
solution of 1M MgS0 4„7H 20 i n phosphate buffer pH 6„0 o 
This led to extrusion of protoplasm from the cut ends of 
isolated sporangiophores 0 Highly plasmolysed protoplasts 
were formed during t h i s method, which could be due to the 
higher concentration of the solution,? but protoplasts were 
seen to have recovered when they were transferred to a 
solution of 0o5M MgS0 4 O7H 20 i n phosphate buffer pH 6o0„ 
An alternative method which was employed involved 
i s o l a t i n g protoplasts from f u l l length sporangiophores or 
from sporangiophores cut into segments (equal i n length) 
by placing them submerged i n the osmotic s t a b i l i z i n g 
solution (0„5M MgSQ 4„7H 20 i n phosphate buffer pH 6„0)„ 
Then, when either end of each segment was pierced, proto-
plasm was seen to be released in a condition s i m i l a r to 
that observed i n the enzymatic system„ Piercing gently 
at the apex of f u l l length sporangiophores, with a pair 
of very fine and s t e r i l i z e d forceps, was also found to 
release the protoplasmic contents from the basal cut end 
of these sporangiophores„ No wall residues were seen 
associated with the protoplasm, thus, i t WBS suggested 
that these aggregates of protoplasm may represent proto-
p l a s t s <, Counting and examination were carried out i n a 
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si m i l a r way as described for protoplasts released by an 
enzyme(s) effect„ 
3 0 Regeneration medium 
Medium which was used for achieving a maximal growth 
of sporangiophore was also used as a regeneration medium 
for protoplasts„ but included 0„5M MgS0 4»7H 20 pH 6„0 i n 
0o05M phosphate buffer B 
The e f f e c t of number of protoplasts and medium r a t i o 
i n obtaining an optimal regeneration was tested, An 
optimal regeneration (producing a wall) was examined by 
measuring the amount of s t a i n (UVitex BOPT) adsorbed by 
the protoplasts at 12 hours after incubation. Figure (22)„ 
Optimal conditions for achieving a maximal adsorbtion 
of s t a i n are described i n material and methods of 
Chapter I„ I t was found that a sharp increase of s t a i n 
adsorbtion appeared up to 10^ protoplasts - ml^regeneration 
medium. Figure (22)„ but further increase of protoplast 
numbers did not give an increase i n the s t a i n adsorption 0 
6 =1 10 protoplasts •>ml regeneration medium were routinely used 
as a standard i n the study of regeneration of protoplasts 
of different regions of sporangiophores„ 
hs a preliminary t e s t for cul t u r i n g the protoplasts, 
semi-eolid medium was used and prepared by adding 10 gm 
of agar to 1L of l i q u i d regeneration medium,, The effects 
Tfee e f f e c t of concent r a t i o s * of p r o t o p l a s t s on 









0 s 8 O 10 10 10 10 
regeneration medxum Number of protoplast - ml 
-118 
of the regeneration media on the development of the 
protoplasts are described i n the r e s u l t s sections., 
4, Methods for determining the regeneration and growth 
of_jgg ot opl as t s 
Three main methods were used here as outlined below. 
Increase i n dry weight with time was determined as a 
preliminary t e s t for growth. This was carried out by drying 
the protoplasts at 55°C for 2=5 minutes 0 Limitations to 
t h i s method were encountered with small quantities of 
protoplasts, 
Additionally the diameter of the protoplasts and/or 
the length of the regenerated hyphae were measured. 
Limitations to these methods were also encountered since 
the basal protoplasts were shown to have diameters larger 
than those of protoplasts derived from the t i p region? 
since t i p protoplasts produced new c e l l wall quicker than 
basal protoplasts„ there was an e a r l i e r l i m i t a t i o n to 
expansion,, Thus i t i s suggested that increases i n the 
diameter of the basal protoplast could be due to the 
penetration of solutes with less r e s t r i c t i o n due to wall 
surrounding the protoplast, Additionally length measure-
ments of the regenerated hyphae were shown unsuitable 
because hyphae clumped and made measurements d i f f i c u l t . 
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Measuring the amount of regenerated wall produced 
by protoplasts during development was found to be the 
most suitable method for obtaining an accurate and r e a l 
measurement for the v i a b i l i t y of protoplasts to regenerate 
and to produce hyphae (see also Peberdy & Buckley, 1973? 
Peberdy,1978)„ This method proved a good system for 
determining quantitatively the location of active wall 
synthesis throughout the sporangiophore 0 The amount of the 
regenerated wall of protoplasts was determined by measuring 
the amount of fluorescent s t a i n (Uvitex BOPT) adsorbed, 
as described previously in Chapt.©? Z o 
5 o Cytological and biochemical observations % Preparation 
of protoplasts for staining and extraction 
Isolated and regenerating protoplasts were centrifuged 
at 500 x g (MSE centrifuge) for 5-10 minutes„ They were 
washed three times with 0„05M phosphate buffer pH 6 o0„ 
Before staining they were fixed i n a c e t i c acid-alcohol 
(Is3 v/v) for 30 minutes, then they were washed in phosphate 
buffer for 15 minutes„ 
Staining was carried out in t e s t tubes, and each 
treatment of f i x a t i o n , washing and staining was followed 
by centrifugation at 500 x g for 5 minutes for a complete 
sedimentation, as t h i s appeared to be easier for manipulation 
D „ P o X o was usually used as a mountant,, 
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Coverslips smeared with a layer of s o l i d medium were 
used to c u l t i v a t e protoplasts i n examining the 
morphological change during regeneration,, This technique 
minimized mechanical damage during the handling of proto= 
plastSo Coverslips carrying the regenerating and 
developing protoplasts were placed on s l i d e s a f ter 
staining,, Nuclei were stained with acridine orange, 
Giemsa and Feulgen s t a i n s as previously described„ 
Location of wall during regeneration was determined 
microscopically using uvitex B O P T s t a i n ( 0 o l % solution 
i n O o l M phosphate buffer at pH 6„5 and at 30°C i n 
conjunction with u»v„ microscopy„ 
RND, DHA and protein were extracted by a method also 
described i n Chapter l„ materials and methods„ 
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CHAPTER I I 
Results 
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1 7 ° GENERAL OBSERVATIONS 
1„ Isolation_.agd_^jij^^ 
1 c, Enzymatic release 
Through the action of the enzyme(s) of Trichoderma 
v_iride protoplasmic spheres were released from sporangio-
phores of Phycomyces blakesleeanus„ I t was observed, 
that these protoplasmic spheres emerged, through ruptures 
i n the c e l l wall leaving empty c y l i n d r i c a l sporangiophore 
wall behind 0 I t appeared that spheres were lacking i n a 
r i g i d c e l l wall and that they were osmotically sensitive„ 
According to Villanueva & Garcia-Acha (1971), Peberdy 
et a l . , (1976) and Peberdy (1978), these structures can 
be considered as protoplasts. 
Emergence of protoplasts i n i t i a l l y was from a pore 
at the apex region of the sporangiophore and l y s i s of the 
wall of that region could be the reason„ A s i m i l a r 
enzyme system was used by Binding & Weber (1974) in 
i s o l a t i n g mycelial protoplasts of Phycomyces„ 
Emergence through the pore, i n i t i a l l y , , of a non= 
vacuolated structure followed by vacuolated structure 
was taken as evidence that true protoplasts were being 
released from the sporangiophore i n a sequential 
pattern., 
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Is o l a t i o n of the cytoplasm of the sporangiophore was 
achieved using a suitable l y s i s medium,, (see materials and 
methods) and i n the presence of 0„5M MgSO^Ti^O as a 
suitable osmotic stabilizer„ Use of MgS04<,7H20 as an 
osmotic s t a b i l i z e r was also recommended by Gascon & 
Villanueva, (1965), Sietsma et _al 0 £, (1967) 0 Sietsma & 
Wouters (1973)„ Dooijewaard-Kloosterziel et a l . f (1973) B 
Vries (1974). 
The actual cutting of the sporangiophore allowed some 
leakage of the protoplasm from the base, but t h i s stopped 
when protoplasts emerged from the t i p region of the 
sporangiophore„ The cytoplasm released from the t i p region 
emerged to form small dense spherical protoplasts free of 
the parent sporangiophore wall* During the formation of 
protoplasts 0 sporangiophore contents were continuously 
displaced towards the pore* The extrusion of vacuolated 
protoplasts and the widening of the pore and rupture of the 
soft wall were observed„ In some cases part of the end of 
the sporangiophore was l o c a l l y plugged with the large 
vacuole present i n cytoplasm coming from the base 0 
Constriction of the cytoplasm into smaller protoplasts was 
observed during the process of incubation and subsequent 
vacuolation 0 
Time and diameter of the protoplast released from the 
sporangiophore are shown i n Table ( 5 ) 0 
Tims, diameter and c h a r a c t e r i s t i c s of protoplasts 
released from sporangiophores„ 
Time (hour) Diameter (urn) Characterizations 




vacuoles, 1 = 3 
nuclei per 
protoplasto 
1 - 2 4 0 1 = 8 0 2 5 Vacuolated, cytoplasm 
d i f f u s e l y granular, 
large vacuoles absent, 
4 - 8 nuclei per 
protoplasto 
2 - 3 4 0 1 - 1 3 0 7 5 Larger vacuole, l e s s 
p a r t i c l e s 
1 = 2 nuclei per 
protoplast 
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The amounts of vacuolated and non-vacuolated proto-
p l a s t s released during the treatment are shazm i n Figure 
(21)o Non-vaeuolatad protoplasts were o r i g i n a l l y released 
from the upper part of sporangiophores f f while the 
vacuolated protoplasts were attributed to the parts below 
the t i p region (see Chapter I ) , 
2 , Mechanical release 
Protoplasts were also squeezed out from different 
segments„ after placing them i n osmotically s t a b i l i z i n g 
medium (see materials and methods) , When segments were 
used both vacuolated and non-vacuolated protoplasts 
emerged from the cut end and were counted^ and the r e s u l t s 
are shown i n Figures (23 and 24), However„ segments from 
the t i p region gave more protoplasts than the middle and 
basal segments„ I t was also seen that non-vacuolated 
protoplasts were released from the t i p region than from 
parts below the t i p region, characterization of the proto-
pla s t s appeared to be si m i l a r to those described above. 
Different i n i t i a l length sporangiophores of stage I 
were manipulated for protoplasts isolation,, using the 
enzyme(s) systems©© Figure(25), Total numbers of proto-
plasts (vacuolated and non-vacuolated) were determined and 
i t was found that there was an increase i n numbers released 
as the length of the sporangiophore was increased. However0 
T o t a l numbers of protoplasts, isolated from t i p , 
middle and basal segments 0 Segments were equal i n 
length and for i s o l a t i o n , they were submerged i n an 
osmotic s t a b i l i s e d media ( 0 „ 5 M MgSO^.Vi^O and at pH 
6 o 5 ) o Procedures of mechanical i s o l a t i o n were used 
A - Apical 
M- Middle 
B _ Basal 
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Figure (24) 
Total numbera of protoplast! isolated mechanically from 
segments of stag© I sparangiophore,? and from f u l l length 
sporangiophores (20 mm), Sppra-ngiophor.es^ i n segments„ 
or f u l l lengthy were submerged in OEmotio s t a b i l i z e d 
medium and protoplasts were squeezed by piercing one end 
of the sporangiophor® 
A--Protoplasts of t i p segments 0 4 mm i n lengths 
A Protoplasts of t i p segments* 4 mm i n lengths 
(with tapared apsss removed.) 
o 
A Protoplasts of segments below the t i p 
region* 4 mm i n lengths 
M Protoplasts of middle segments,, 4 mm in 
lengths 
SM- Protoplasms of Sub^MicMle segments c 4 mm 
in lengths 
B PsrotQplasto of bapal eegmontop 4 mm i n 
lengths 
T o t a l p?©t©»iaots nuwlher isolated from 
q-p©rangiogho2oo f u l l Isncfznn 
1 
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a f t e r 40-60 mm, the t o t a l number decreased„ These 
observations are a l s o i n agreement with an optimal dry 
weight and t h i s corresponds with the high l e v e l of c e l l u l a r 
componentso 
The influence of c u l t u r e age a t harvesting* on the 
p r o t o p l a s t s y i e l d , could be explained by the f a c t t h a t the 
a c t i v i t y of the endogenous w a l l l y t i c enzyme„ p o s s i b l y 
used by the fungus i n w a l l assembly, i s highest i n the 
younger zones„ Therefore there i s an enhancement of the 
l y t i c e f f e c t by the exogenous enzyme(s)^ B a r t n i c k i - G a r c i a 
& Lippman (1972)„ I t may a l s o be the case t h a t the 
highest y i e l d of the protoplasts from the younger sporangio-
phore, and a l s o from the younger zone, t i p „ may be 
a t t r i b u t e d to the greater s u s c e p t i b i l i t y of the w a l l to 
undergo l y s i s when compared with the more d i f f e r e n t i a t e d 
w a l l of the older sporangiophore or older region , base 0 
The w a l l composition pos s i b l y plays a part during l y s i s 
s i n c e the presence of e 0 g 0 melanin and sporopollenin a t 
parts below the t i p region of the sporangiophore„ have 
been found t o a c t as p r o t e c t i v e agent (Furch & Gooday, 
1978)„ Additionally„ melanin-bound c h i t i n i n A s p e r g i l l u s 
nidulans was found to be r e s i s t a n t to enzymic degradation 
( B u l l , 1970)„ 
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The q u a n t i t y of the Uvitex BOPT f o r w a l l s t a i n i n g 
was found to be a s s o c i a t e d with the age and numbers of 
p r o t o p l a s t s , Figure (25)„ The older region of sporangio-
phores a l s o a c q u i r e s l e s s w a l l s t a i n i n g than t h e younger 
re g i o n (Chapter I ) , i n d i c a t i n g a more s t a b l e w a l l 
s t r u c t u r e , which i s probably l e s s s u s c e p t i b l e t o 
degradation. 
2» C u l t u r e and development of p r o t o p l a s t s 
When suspended i n an o s m o t i c a l l y s t a b i l i z e d growth 
medium (see m a t e r i a l s and methods) some of the p r o t o p l a s t s 
showed the c a p a c i t y t o r e t u r n to the normal hyphal form 
of the funguso Success of the measurements of the develop^ 
ment were shown to depend on the c u l t u r i n g methods being 
usedo D i f f e r e n c e s i n the morphological s t r u c t u r e of the 
r e g e n e r a t i n g p r o t o p l a s t s were a l s o observed when using 
d i f f e r e n t c u l t u r i n g methods„ I n i t i a l l y use was made of 
s o l i d medium (see m a t e r i a l s and methods), f o r counting 
numbers of the regenerated c o l o n i e s from p r o t o p l a s t s . 
T h i s method, however, was not s u i t a b l e s i n c e p r o t o p l a s t s 
developed i n t o i r r e g u l a r polymorphics s t r u c t u r e with 
random production of hyphae 0 P l a t e s (34(2,4,5,6), 35 ( l f f 2 ) ) , 
whereas others showed no development of hyphae,Plates 
( 3 4 ( 3 ) ) . Developed hyphae were a l s o shown to g i v e 
clumps which made accu r a t e counting i m p o s s i b l e , P l a t e s 
(34(3,4) , 3 6 ) ) . 
Figure (25) 
T o t a l numbers of p r o t o p l a s t s r e l e a s e d from sporangiophores 
of d i f f e r e n t i n i t i a l lengths„ The amount of Uvitex BOPT 
by the w a l l of sporangiophore a t each length i s a l s o 
showno 
The s o l i d l i n e s r e p r e s e n t the t o t a l number of p r o t o p l a s t 
of i n t a c t sporangiophore 0 
The dotted l i n e s r e p r e s e n t the amount of u v i t e x BOPT 
adsorbed by the w a l l of the sporangiophore (1 mg dry 
h e i g h t w a l l per 5 ml standard s t a i n s o l u t i o n were 
incubated i n the dark f o r 4 minutes)„ 
The amount of s t a i n s adsorbed by the w a l l were c a l c u l a t e d 
from the c a l i b r a t i o n curve i n Figure (|)„ 
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Development o f hyphae f r o m p r o t o p l a s t s on t h e s o l i d 
medium were shown t o be s i m i l a r t o t h o s e developed 
d u r i n g spore germination,, D u r i n g development o f hyphae 
f r o m p r o t o p l a s t s , , f o o t c e l l s were a l s o i d e n t i f i e d . 
S porangiophores a l s o appeared t o be i n i t i a t e d f r o m t h e 
f o o t c e l l s , P l a t e s ( 3 5 ( 5 ) , 37(1))„ Foot c e l l s were 
u s u a l l y f o u n d a t t h e c e n t r e o f t h e c o l o n y . 
D i f f e r e n t r e g i o n s o f m a t u r a t i o n o f hyphae d e v e l o p i n g 
f r o m p r o t o p l a s t s were r e c o g n i z e d . The p e r i p h e r a l o r 
m a r g i n a l r e g i o n showed t o be c h a r a c t e r i z e d w i t h t h e presence 
o f t i p s o f l e a d i n g hyphae, P l a t e ( 3 7 ( 1 , 2 ) ) . The c e n t r a l 
mature r e g i o n showed t o c o n t a i n f o o t c e l l s p r o d u c i n g 
s p o r a n g i o p h o r e s and between t h e s e two r e g i o n s t h e r e was a 
r e g i o n c o n t a i n i n g fewer and s m a l l e r f o o t c e l l s compared 
w i t h t h o s e seen i n t h e c e n t r a l r e g i o n . A d d i t i o n a l l y , t h e 
c e n t r a l r e g i o n c o n t a i n g r e a t e r c o n c e n t r a t i o n o f RE& t h a n 
t h e m a r g i n a l r e g i o n , P l a t e ( 3 6 ( 1 , 2 ) ) . These o b s e r v a t i o n s 
can be c o n s i d e r e d as evidence s u p p o r t i n g t h e p r e v i o u s 
r e s u l t s f o r t h e r e q u i r e m e n t o f f o o t c e l l i n s p o r a n g i o p h o r e 
g r o w t h (Chapter I ) . 
D i f f e r e n t p a t t e r n s o f development were a l s o i d e n t i f i e d 
v?hen p r o t o p l a s t s were grown i n l i q u i d medium. One or more 
hyphae were u s u a l l y seen t o a r i s e d i r e c t l y f r o m t h e p r o t o -
p l a s t and grew t o f o r m a c o l o n y . D u r i n g i n c u b a t i o n o f 
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r e g e n e r a t i n g p r o t o p l a s t s , submerged i n the s e m i s o l i d 
and l i q u i d medium, the developed hyphae showed to give 
an a b e r r a n t p a t t e r n of budding c h a i n s , see P l a t e s ( 3 9 ( 3 ) , 
42(2,3,4))„ T h i s was a l s o seen by c o n s t r i c t i n g the normal 
hyphae i n t o c e l l s with d i f f e r e n t shapes, P l a t e (3)„ 
During c u l t u r i n g the p r o t o p l a s t s i n a shallow l a y e r of 
l i q u i d r e g e n e r a t i o n medium,, no such observations were 
observed, P l a t e ( 3 9 ) a L i m i t e d oxygen i n the former medium 
could be a t t r i b u t e d to the aberrant development,, The 
composition of the w a l l formed by the p r o t o p l a s t s may a l s o 
have played a r o l e i n determining the form of development„ 
I n l i q u i d medium another aberrant p a t t e r n of development 
was a l s o i d e n t i f i e d , when the p r o t o p l a s t s bulged out on one 
side,, developing a bud l i k e s t r u c t u r e , P l a t e (40(1,4))„ 
Also p r o t o p l a s t s were seen t o aggregate i n groups c o n s i s t i n g 
of 2-3 p r o t o p l a s t s t P l a t e (40(2))„ 
Aggregation of p r o t o p l a s t s were shown sometimes t o 
produce a t h i c k w a l l l i k e s t r u c t u r e . P l a t e s (41,42 (1))= 
I n d i v i d u a l p r o t o p l a s t s were shown a l s o to be surrounded by 
a w a l l before hypha development began and the w a l l g r a d u a l l y 
thickened. To show t h i s , p r o t o p l a s t s a f t e r r e g e n e r a t i o n 
f o r 3=4 hours were t r a n s f e r r e d t o water„ Under these 
c o n d i t i o n s b u r s t i n g of the p r o t o p l a s t s were seen but only 
a t the s e l e c t e d s i t e s on the w a l l , P l a t e (40(5))» The 
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p a r t s which did not b u r s t were suspected of being the 
l o c a t i o n of hyphal development. 
G e n e r a l l y , when c u l t u r i n g p r o t o p l a s t s on s o l i d and 
s e m i s o l i d , P l a t e (40(3) ) t some d i f f i c u l t i e s were encountered 
i n o btaining a c c u r a t e q u a n t i t a t i v e measurements of 
rege n e r a t i o n , s i n c e i r r e g u l a r aggregates of regenerated 
hyphae on s o l i d medium, and presence of more than one 
developed s t r u c t u r e on s e m i - s o l i d medium, both c r e a t i n g 
d i f f i c u l t i e s i n measuring the length and diameter of 
the regenerated p r o t o p l a s t s . D i f f e r e n t p a t t e r n s of proto-
p l a s t r e g e n e r a t i o n and development were a l s o observed by 
many i n v e s t i g a t o r s using d i f f e r e n t methods of manipulation 
and c u l t u r i n g (Bachmann & Bonner, 1959? Gareia-Acha e t a i l . * 
1966; F u k i e t a l . , 1969; Peberdy & Gibaon, 1971? 
V i l l a n e u v a & Garcia=Acha, 1971? Peberdy.1972, 1978? 
G u l l e t a l . , 1972? Sietsma & De Boer, 1973? Sietsma & 
Wouter, 1973; D o o i j e w a a r d - K l o o s t e r z i e l , e t a l . , 1973; 
anne' e t a l . , 1974? Benitez e t a l . , 1975a,b) who found 
d i f f e r e n t f r e q u e n c i e s of r e g e n e r a t i o n of the same proto-
p l a s t population i n agar medium and i n l i q u i d medium. 
Incubation of the p r o t o p l a s t s i n a shallow l a y e r of 
o s m o t i c a l l y s t a b i l i z e d l i q u i d medium f o r rege n e r a t i o n was 
shown t o be more s u i t a b l e f o r obtaining a good regene r a t i o n , 
and normal development of hyphae, and thus C5as used i n the 
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f u r t h ^ r s t u d i e s on protoplasts„ However, f o r RW^„ B25A, 
p r o t e i n and ribosomes e x t r a c t i o n , , p r o t o p l a s t s were g r o v n 
i n a s h a l l o w l i q u i d medium p r i o r t o p l a t i n g o n t o so?-id 
medix'tru A e r a t i o n o f t h e p r e - i n c u b a t e d l i q u i d medium 
p r o t o p l a s t s , a c t i v a t e d t h e s y n c h r o n i s a t i o n o f t h e d e v e l o p 
hyphae. T h i s o b s e r v a t i o n i s s i m i l a r t o t h a t seen p r e v i o u . 
f o r normal c u l t u r e s where a n e a r l y s y n c h r o n i s e d sporanoio-
phore f o r m a t i o n was o b t a i n e d when t h e c u l t u r e was s u b j e c t 
t o sudden a e r a t i o n . 
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18„ I^LlMNCE_OF SITE OF ORIGIN OF PROTOPLftSTS, ON 
RE_GENERaTION AMD DEVELOPMENT 
P r o t o p l a s t s i s o l a t e d from d i f f e r e n t regions of stage 
I sporangiophores were i n v e s t i g a t e d f o r t h e i r a b i l i t y to 
regenerate and grow 0 Synchronized stage I sporangiophores 
were c u t i n t o segments which were equal i n length (3=5 mm)„ 
The a c t i v i t y of p r o t o p l a s t s to regenerate a new w a l l was 
t e s t e d q u a n t i t a t i v e l y using the method of Uvitex BOPT 
br i g h t e n e r (see m a t e r i a l s and methods of Chapter I)„ 
More p r o t o p l a s t s were r e l e a s e d from the t i p r e g i o n of 
the sporangiophore than from an equal length of middle and 
base regions* F i g u r e (23)„ When a sporangiophore was c u t 
i n t o f i v e equal length segments* g r e a t e r numbers of t o t a l 
p r o t o p l a s t s were r e l e a s e d from the upper part* see F i g u r e 
( 2 4 ) 0 The i n c r e a s e i n the number of p r o t o p l a s t s from the 
t i p was balanced by t h e i r being s m a l l e r than those from 
s e c t i o n s lower down0 The presence of more c e l l u l a r 
components i n the cytoplasm i n the t i p of the i n t a c t 
sporangiophore could allow the fragmentation i n t o many 
d i s c r e t e p r o t o p l a s t s . I n c o n t r a s t * 2=3 mm long segments 
i n length of the extreme apes r e l e a s e d l e s s p r o t o p l a s t s 
than the s u b - a p i c a l segment<> P o s s i b l e explanations f o r 
these observations are t h a t there i s a l a c k of o r g a n e l l e s 
i n the extreme apex region of sporangiophore (as found i n 
Chapter I ) or because of the tapered t i p there i s a g r e a t e r 
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c e l l wall/protoplasm r a t i o 0 
Regeneration of p r o t o p l a s t s from v a r i o u s sporangia-
phore was examined using s i m i l a r r e g e n e r a t i o n medium 
descr i b e d above„ The a c t i v i t y of p r o t o p l a s t s of t i p , 
middle and base segments to regenerate and produced a 
new c e l l w a l l was measured at intervals„ Table (6)„ More 
adsorbtion of s t a i n was shown t o occur on to the 
p r o t o p l a s t s and could be a t t r i b u t e d to a g r e a t e r new w a l l 
production„ 
P r o t o p l a s t s which were r e l e a s e d from the t i p segments 
were seen to produce a t h i c k w a l l around themselves as an 
i n d i v i d u a l unit„ However„ p r o t o p l a s t s which were r e l e a s e d 
from the middle and b a s a l segment shewed aggregation i n t o 
l i n e a r groups. P l a t e s (42(2<,3ff4) 0 43 (3,4)) and a l s o Table ( 7 ) 0 
T h i s may be a t t r i b u t e d to the f a c t t h a t the t i p p r o t o p l a s t 
i s s e l f s u f f i c i e n t f o r new w a l l production? because i t 
contains more sub s t a n c e ( s ) or o r g a n e l l e s which are 
r e q u i r e d f o r t h i s process„ Aggregation of the middle and 
b a s a l p r o t o p l a s t s i n a group could be i n t e r p r e t e d as t h e i r 
requirements to achieve s u f f i c i e n t amount of o r g a n e l l e s 
f o r producing a new w a l l * s i n c e each p r o t o p l a s t may not 
be s e l f sufficient„ T i p p r o t o p l a s t s a l s o formed l i n e a r 
aggregations but u s u a l l y these contained f a r fewer 
i n d i v i d u a l p r o t o p l a s t s than the aggregates f o r other 
regions„ 
Table (6) 
The q u a n t i t y of the Uvitex BOPT adsorbed by the 
3 
p r o t o p l a s t s of t i p , middle and b a s a l segments (10 each) 







Percentage and the number of aggregated p r o t o p l a s t s 
6 
produced from t i p , middle and base segments 0 10 
-1 
protoplasts»ml medium were used 
I 
Segments Percentage Number of c h a i n 
% 
96 1 
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Aggregation i s a l s o shown i n P l a t e s (42(2,4,5), 
43(1,2)). . The new w a l l around the p r o t o p l a s t i s not 
apparent but the absorbance o f s t a i n (at 350 nra) shows 
i n c r e a s e . T h i s may be due to the l e s s s e n s i t i v i t y of 
the microscopic technique. I n a d d i t i o n to the aggregation, 
middle and b a s a l p r o t o p l a s t s showed bi=polar development 
o f hyphae, P l a t e (43(3,4,5,6))^, while polar growth was 
seen during r e g e n e r a t i o n to t i p p r o t o p l a s t , P l a t e 
( 4 2 ( 5 , 6 , 7 , 8 ) ) . The r e g e n e r a t i o n percentages of the proto-
p l a s t s from d i f f e r e n t segments i s shown i n Fig u r e ( 2 6 ) . 
I t was found t h a t the q u a n t i t y of p r o t o p l a s t s regenerating 
d e c l i n e d from the t i p segments to the b a s a l segments. 
U s u a l l y the hyphae emerged from the p r o t o p l a s t s which 
had a l r e a d y formed a new w a l l around themselves. No 
development was apparent without such a new formed w a l l . 
The observation c o r r e l a t e s with t h a t on regenerating 
sporangiophores, where reg e n e r a t i o n took place a t the 
cu t s i t e a f t e r w a l l c l o s u r e . The a c t i v i t y o f the s y n t h e s i s 
during the development of hyphae i s shown i n Table ( 8 ) . 
Hyphae developed qu i c k e r from the p r o t o p l a s t s of the 
t i p segments than from those of the middle and b a s a l 
segments. The s l i g h t l y g r e a t e r s t a i n i n g of the hyphae of 
the t i p p r o t o p l a s t s may be a t t r i b u t e d to the a c t i v i t y of 
these p r o t o p l a s t s g i v i n g m®re r a p i d w a l l s y n t h e s i s . C e l l 
The q u a n t i t y of s t a i n Uvitex BOPT adsorbed by the 
hyphae developed from p r o t o p l a s t s ©f the t i p , middle 
and b a s a l segments a t 12 hours and 24 hours„ 
u a n t i t v of s t a i n 
12 hours 24 hours 









Regeneration of p r o t o p l a s t s of d i f f e r e n t segments 0 
Known numbers of p r o t o p l a s t s (10^o saf ) were c u l t u r e d i n 
a shallow l a y e r of osmotic s t a b i l i z e d r e g e n e r a t i o n 
medium f o r 1=2 hours and then t r a n s f e r r e d t o the s o l i d 
medium,, Developed p r o t o p l a s t s were counted and then 
the r e g e n e r a t i o n percentages were c a l c u l a t e d 
• T i p p r o t o p l a s t s 
O Middle p r o t o p l a s t s 
v Base p r o t o p l a s t s 
2 © 90 
Ed GO 
30 
O 10 30 30 40 90 00 70 00 SO 
T I M E C MRS 
= 134= 
r e g e n r a t i o n o f t h e i n t a c t t i p segment o f sp o r a n g i o p h o r e s 
was a l s o found t o be ach i e v e d i n a s h o r t t i m e t h a n t h a t 
f o r t h e m i d d l e and b a s a l segments (see Chapter I)„ Thus 
t h e r a t e o f p r o t o p l a s t s r e g e n e r a t i o n appears t o be 
i n f l u e n c e d by t h e i r s i t e o r o r i g i n , , 
L o c a t i o n o f t h e s y n t h e s i s o f t h e new w a l l a t t h e 
t i p r e g i o n o f t h e r e g e n e r a t e d hyphae can be i n d i c a t e d by 
t h e presence o f more a t a i n i n t e n s i t y o f U v i t e x BOPT^ 
P l a t e (39(2))„ T h i s i s s i m i l a r i n l o c a t i o n t o t h e 
i n t e n s i t y o f t h e s t a i n a t t h e t i p segment o f t h e i n t a c t 
s p o r a n g i o p h o r e 0 
The d i f f e r e n c e s i n p r o t o p l a s t s r e l e a s e and a c t i v i t y 
f o r d i f f e r e n t segments o f s p o r a n g i q p h o r e s , i n d i c a t e s t h a t 
t h e r e c o u l d be c o m p a r t m e n t l i g a t i o n and d i f f e r e n t i a l 
d i s t r i b u t i o n o f c e l l u l a r components a l o n g t h e c o e n o c y t i c 
sporangiophoreo The r e s u l t s f o r t h i s r e g e n e r a t i o n o f 
sp o r a n g i o p h o r e p r o t o p l a s t s are s i m i l a r t o those a l r e a d y 
d e s c r i b e d f o r i n t a c t and segmented sp o r a n g i o p h o r e s as 
r e p o r t e d i n Chapter I 0 
The d i f f e r e n c e s t h a t were f o u n d d u r i n g t h e r e g e n e r a t i o n 
o f segments f r o m t h e tip„ m i d d l e and base o f s p o r a n g i o p h o r e 
a r e i n agreement w i t h t h e d i s t r i b u t i o n o f a c t i v i t y and 
a p i c a l dominance o f t h e o r i g i n a l sporangiophor®„ A l s o i t 
i s i m p o r t a n t t o r e p o r t t h a t t h e d i f f e r e n t r e g i o n s were 
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shown t o be autonomous zones f o r t h e f o r m a t i o n o f t h e 
new wall„ These s t u d i e s o f t h e development o f t h e p r o t o -
p l a s t s o f t h e tip„ m i d d l e and b a s a l segments o f t h e 
gporangiophore i n d i c a t e d t h a t t h e m o r p h o l o g i c a l changes 
m i g h t be a s s o c i a t e d w i t h t h e changes i n t h e p a t t e r n o r 
b a l a n c e o f polymer synthesis» 
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19 o DISTRIBUTION OF NUCLEI AND WALL SYNTHESIS DURING 
REGENERATION AND DEVELOPMENT 
The d i s t r i b u t i o n o f n u c l e i d u r i n g p r o t o p l a s t 
r e g e n e r a t i o n and development i s shown i n P l a t e s (39, 44, 
45)o The n u c l e i appeared t o be i m p o r t a n t w i t h t h e 
r e g e n e r a t i o n o f t h e p r o t o p l a s t and development o f hyphae,, 
They appeared i n i t i a l l y a t t h e s i t e o f t h e h y p h a l 
emergence and i n c r e a s e d i n number d u r i n g t h e h y p h a l 
development? what appears t o be n u c l e a r d i v i s i o n * i s 
shown i n P l a t e s ( 3 9 ( 3 ) , 4 4 ( D ) ) , b u t no evidence was 
o b t a i n e d f o r m i t o t i c d i v i s i o n as found i n t h e s p o r a n g i o -
phore (Flanagan, 1970? Frank & Reau, 1971)„ 
N u c l e i a c c u m u l a t i o n was seen t o be a s s o c i a t e d w i t h 
t h e h y p h a l t i p where a l s o t h e r e was more bound s t a i n o f 
U v i t e x BOPT, Such a s s o c i a t i o n can be a t t r i b u t e d t o t h e 
f a c t t h a t n u c l e i may p l a y an i m p o r t a n t r o l e i n w a l l 
synthesis„ As shown i n Chapter I * t h e r e g e n e r a t i o n o f t h e 
s p o r a n g i o p h o r e was a s s o c i a t e d w i t h t h e a c c u m u l a t i o n o f 
n u c l e i , , 
D u r i n g development o f hyphae, abnormal septa were 
sometimes formed, P l a t e (44(J))„ N u c l e i were a l s o shown 
a s s o c i a t e d w i t h t h e s e p t a l o c a t i o n , , T h i s c o u l d e x p l a i n 
t h e presence o f i n t e r r e l a t i o n s h i p between n u c l e a r 
d i v i s i o n and s e p t a f o r m a t i o n w h i c h were f o u n d i n some 
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f u n g i ( C l u t t e r b r u c k , 1970? King & Alexander„ 1 9 7 0 ) 0 I t 
has a l s o been found t h a t t h e f o r m a t i o n o f t h e s e p t a 
r e f l e c t a c e r t a i n age o f t h e hyph® and c o n t e n t s and a l s o 
r e q u i r e t h e f o r m a t i o n o f a c e r t a i n number o f nuclei„ 
Septa were a l s o formed d u r i n g c u l t u r i n g s p o r a n g i o p h o r e ^ 
P l a t e (46(3))» The septum s t a i n e d i n t e n s e l y w i t h Uvitess 
BOPT so i t may r e p r e s e n t a s i g n i f i c a n t p h y s i o l o g i c a l s t a t e 
o f t h e c y t o p l a s m s i n c e i t has been r e p o r t e d t h a t by c l o s i n g 
t h e s e p t a t h e d i f f e r e n c e between t h e o l d and t h e new p a r t 
o f t h e hyphae i s i n t e n s i f i e d ( F e n e l , 1978)„ I t may a l s o 
be a s s o c i a t e d w i t h b r a n c h f o r m a t i o n ( T r i n c i , 1974 ff 1978a)„ 
Thus septum f o r m a t i o n as shown i n P l a t e (44 (J) K may be 
a t t r i b u t e d t o t h e b r a n c h f o r m a t i o n b e s i d e t h e septum,, 
A l t e r n a t i v e l y such o b s e r v a t i o n s may be an abnormal f e a t u r e 
and may be produced by e n v i r o n m e n t a l change d u r i n g t h e 
m a n i p u l a t i o n o r may be t o t h e age o f t h e sporangiophores„ 
b u t i t can be concluded t h a t abnormal c o n d i t i o n s a c t i n g on 
n u c l e i o r c y t o p l a s m may a l s o produce abnormal d i f f e r e n t i a t i o n 
and morphogenesis o f t h e organism,, 
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20„ QUA3STXTATIVE CHANGES I N NUCIjEIC ACID AMD PROTEIN 
Dj^D^G J^GE^^RATION _AMD DEVELOPMEKST OF THE PROTOPLASTS 
D u r i n g t h e r e g e n e r a t i o n and development o f t h e p r o t o -
p l a s t s i s o l a t e d f r o m t i p , m i d d l e and b a s a l segments o f 
eq u a l l e n g t h s 0 5 mm each, DNA, RE3A and p r o t e i n were 
e x t r a c t e d and e s t i m a t e d q u a n t i t a t i v e l y (see m a t e r i a l s 
and methods). 
As shown i n F i g u r e (27) t h e REh„ p r o t e i n and DMA 
o f t h e p r o t o p l a s t o f t h e t i p segments reached maximum 
r e c o v e r y i n 8=12 hours„ w h i l e t h i s process o c c u r r e d 
between 16-18 and 18-20 hours f o r t h e m i d d l e and b a s a l 
segments r e s p e c t i v e l y , , RNA and p r o t e i n c o n t e n t s were 
i n c r e a s e d b e f o r e DNA. T h i s i s s i m i l a r t o t h e s i t u a t i o n 
f o u n d d u r i n g t h e g e r m i n a t i o n o f Phycomyces spores 
(Van Asseh & e a r l i e r . 1 9 7 3 and see r e v i e w by Van E t t a n 
e t al„, 1974? Bramble e t j l . , 1 978). 
The maximal r e c o v e r y was seen t o c o r r e l a t e w i t h 
r e g e n e r a t i o n and development o f t h e hyphae. So t h e 
a c t i v i t y o f t h e macromolecules o f t h e p r o t o p l a s t appear 
t o be i m p o r t a n t i n t h e i n i t i a t i o n o f r e g e n e r a t i o n . 
S i m i l a r o b s e r v a t i o n s were made d u r i n g t h e m a n i p u l a t i o n 
o f i n t a c t segments o f sporangiophores„ The i n i t i a l 
c o n c e n t r a t i o n o f t h e maeromolecule o f t h e i n t a c t segments 
was more t h a n t h a t o f t h e c o r r e s p o n d i n g p r o t o p l a s t s . 
T h i s may be due t o t h e e f f e c t o f t h e i s o l a t i o n o f t h e 
F i g u r e (27] 
C o n c e n t r a t i o n Of macromoiecules: e x t r a c t e d f r o m 
p r o t o p l a s t s ! o f d i f f e r e n t segments o f s t a g e I 
s p o r a n g i o p h o r e s d u r i n g r e g e n e r a t i o n 
L P r o t o p l a s t s o f t i p segments 
O R3^ 
0 p r o t e i n 
• DWs 
2o P r o t o p l a s t s o f m i d d l e seqmenti 
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p r o t o p l a s t i n d e c r e a s i n g t h e t o t a l c o n c e n t r a t i o n o f 
macr©molecules„ 
= 140-
21 o THE EFFECT OF NUCLEIC ACID AM) PROTEIN SYNTHESIS 
IM1IBIT0RS 
The e s s e n t i a l r e q u i r e m e n t f o r DNA „ RNA and p r o t e i n 
s y n t h e s i s d u r i n g r e g e n e r a t i o n and development o f p r o t o -
p l a s t s was t e s t e d by i n c u b a t i n g t h e p r o t o p l a s t s i n 
= 1 
25 u g 0 m l o f each o f e t h i d i u m b r o m i d e g c o l c h i c i n e , , 
a c t i n o m y c i n D„ r i f a m p i c i n , 6 = m e t h y l p u r i n e f f MDMP and i n 
20 u g 0 m l ^eycloheximide,, A t t h e f i r s t 2-7 hours t h e 
r e g e n e r a t i o n was n o t i n h i b i t e d by t h e presence o f t h e 
above i n h i b i t o r s . The development o f t h e hyphae a f t e r 
t h i s t i m e was b l o c k e d by b o t h c y c l o h e x i m i d e and 6-methy 1-
purine„ Thus, b o t h RNA and p r o t e i n s y n t h e s i s i n d e v e l o p -
ment appeared t o be r e q u i r e d i n h y p h a l development„ I n 
c o n t r a s t t h e development o f hyphae c o n t i n u e d when t h e 
p r o t o p l a s t s were c u l t u r e d i n t h e o t h e r inhibitors„ 
RNA and p r o t e i n were e x t r a c t e d and e s t i m a t e d as 
p r e v i o u s l y (see m a t e r i a l s and methods o f Chapter I ) and 
a t 24 hours f r o m t h e i n i t i a l c u l t u r i n g i n t h e inhibitors„ 
The c o n c e n t r a t i o n s o f these macromolecules are shown i n 
Tabl e (9)„ The c o n c e n t r a t i o n s o f DNA„ RNA and p r o t e i n 
o f p r o t o p l a s t s t r e a t e d w i t h i n h i b i t o r s were l e s s t h a n 
t h o s e o f t h e control„ However 0 a l t h o u g h o n l y c y c l o -
h e x i m i d e and 6 - m e t h y l p u r i n e c o m p l e t e l y i n h i b i t e d t h e 
gr o w t h o f r e g e n e r a t e d hyphae„ t h e y d i d n o t have t h e 
g r e a t e s t e f f e c t on t h e RNA and p r o t e i n l e v e l . T h i s i s 
i n agreement w i t h t h e r e s u l t s r e p o r t e d i n Chapter 1= 
T a b l e (9) 
T o t a l c o n c e n t r a t i o n s o f n u c l e i c a c i d s and p r o t e i n 
(ng 0ml =' 1') a f t e r 24 hours o f c u l t u r i n g p r o t o p l a s t s i n 
r e g e n e r a t i o n media c o n t a i n i n g t h e f o l l o w i n g inhibitors„ 
Weights o f t h e spo r a n g i o p h o r e s were t a k e n i n t o account 
i n t h e calculations„ 
C o n c e n t r a t i o n s (ug„ml 
I n h i b i t o r s F i n a l Stage DMA Rm P r o t e i n 
C y e l o h e x i m i d e I 118 272 320 
6 M e t h y l p u r i n e I 113 262 151 
MDMP IV 130 115 286 
A c t i n c m y c i n D IV 123 250 275 
R i f a m p i c i n IV 135 221 325 
E t h i d i u m bromide IV 98 265 308 
C o l c h i c i n e IV 100 254 359 
C o n t r o l IV 125 267 362 
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The i n h i b i t i o n o f complete r e g e n e r a t i o n o f t h e p r o t o = 
p l a s t s o f Sch izophjy SJLume commune by c y c l o h e x i m i d e was a l s o 
f o u n d by V r i e s & Wassels (1975) who a t t r i b u t e d t h e i n i t i a l 
r e g e n e r a t i o n seen i n t h e presence o f t h e i n h i b i t o r t o t h e 
p r e ~ e x i s t i n g c h i t i n synthase s i n c e p r o t e i n s y n t h e s i s was 
a l m o s t t o t a l l y inhibited„ I n h i b i t i o n o f t h e s y n t h e s i s 
o f c h i t i n p r e c u r s o r s by cycloheacimide and 5 = f l u o r o u r a c i l 
was a l s o c o r r e l a t e d t o t h e i n h i b i t i o n o f t h e c e l l w a l l 
f o r m a t i o n d u r i n g spore g e r m i n a t i o n o f Phyeomyces see 
Van Laere e t a l o e , (1976, 1977) . Thus i t may be c o n c l u d e d 
t h a t t h e i n i t i a l r e g e n e r a t i o n o f f r e s h l y i s o l a t e d p r o t o = 
p l a s t s i s n o t dependent on de novo s y n t h e s i z e d p r o t e i n , , 
S y n t h e s i s o f some p r o t e i n i n t h e presence o f 
c y c l o h e x i m i d e has been found t o be a s s o c i a t e d w i t h t h e 
l o s s o f c o n t r o l o f p o l a r i t y and i n h i b i t i o n o f t h e l y t i c 
enzyme i n A s p e r g i l l u s n i d u l a n s (Wang & B a r t n i c k i - G a r c i a , 
1966? Katz & Rosenberger„ 1971)? s i m i l a r o b s e r v a t i o n s 
a l s o can be i m p l i c a t e d f o r Phycornyees t r e a t e d w i t h c y c l e -
h e x i m i d e 0 Thus i n h i b i t i o n o f t h e s y n t h e s i s o f s p e c i f i c 
p r o t e i n s w h i c h a r e r e q u i r e d f o r g r o w t h may have been 
t a k i n g p l a c e under t h e i n f l u e n c e o f t h e a p p l i e d inhibitors„ 
However,, i t must be b o r n i n mind t h a t t h e a c t i v i t y o f t h e 
i n h i b i t o r s may n o t be specific„ The l a c k o f an e f f e c t o f 
an i n h i b i t o r on s p o r a n g i o p h o r e development b e i n g p o s s i b l y 
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due t o a l a c k o f p e n e t r a t i o n t h r o u g h t h e w a l l was 
suggested i n Chapter I0 b u t work w i t h naked p r o t o p l a s t s 
gave s i m i l a r r e s u l t s 0 t h e r e f o r e a l i m i t a t i o n o f 
p e n e t r a t i o n may n o t be t h e reason o f t h e l a c k o f e f f e c t , 
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22. INFLUENCE OF MEDIA ON SPORANGIQPHORE AND DERIVED 
PROTOPLASTS REGENERATION 
Plucked stag© I sp o r a n g i o p h o r e s were c u l t u r e d by 
Immersing t h e b a s a l ends i n l i q u i d media„ w h i c h were 
e i t h e r c a r b o n r i c h o r n i t r o g e n r i e h o A f t e r r e g e n e r a t i o n 
f o r 10=12 hours s p o r a n g i o p h o r e s were fisced i n a c e t i c a c i d -
a l c o h o l and s t a i n e d w i t h a c r i d i n e orange and t h e n examined 
w i t h a f l u o r e s c e n t m icroscope, see P l a t e ( 4 7 ) . I t was 
found t h a t t h e b a s a l end o f t h e s p o r a n g i o p h o r e c u l t i v a t e d 
i n t h e n i t r o g e f a - r i c h medium r e g e n e r a t e d t o g i v e more hyphae 
compared w i t h t h o s e w i t h t h e c u l t i v a t e d end i n t h e c a r b o n -
r i c h medium., Also,, t h e d i a m e t e r s o f t h e hyphae w h i c h 
r e g e n e r a t e d i n t h e c a r b o n - r i c h medium were found t o be 
g r e a t e r t h a n t h o s e w h i c h r e g e n e r a t e d i n t h e n i t r o g e n - r i c h 
medium. A l s o * l e s s b r a n c h i n g was found d u r i n g t h e d e v e l o p -
ment o f hyphae f r o m t h e b a s a l end! @£ s p o r a n g i o p h o r e s 
w h i c h were c u l t u r e d i n t h e c a r b o n - r i c h medium 0 
I n t h e n i t r o g e n r i c h medium,? t h e hyphae t h a t developed 
appeared t o be produced f r o m s i t e s which had t h e f o r m o f 
p r o t o p l a s t s o Each hypha appeared t o d e v e l o p s e p a r a t e l y 
d u r i n g t h e i n i t i a l r e g e n e r a t i o n . I n c o n t r a s t s i n t h o s e 
grown i n t h e c a r b o n - r i c h medium t h e whole b u l k o f t h e 
c y t o p l a s m a t t h e b a s a l end developed an unbr.anehed 
r e g e n e r a t i o n w h i c h appeared t o be formed f r o m one l a r g e 
p r o t o p l a s t - l i k e s t r u c t u r e . S i m i l a r l y p r o t o p l a s t s 
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c u l t i v a t e d i n t h e n i t r o g e n <=>rich medium a l s o showed 
g r e a t e r r e g e n e r a t i o n and more developed hyphae compared 
w i t h t hose c u l t u r e d i n t h e c a r b o n - r i c h medium,, P l a t e s 
(46(1,2,4), 4 8 ( 3 , 4 ) , 49(3,4)). Developed hyphae i n t h e 
n i t r o g e n - r i c h medium a l s o formed more branches, P l a t e 
( 4 ( 1 , 2 ) ) compared w i t h t hose which were c u l t u r e d i n t h e 
c a r b o n = r i c h medium, P l a t e ( 4 9 ( 1 , 2 ) ) and P l a t e (46(4))„ 
Thus t h e p r o t o p l a s t s and t h e s p o r a n g i o p h o r e behaved i n a 
s i m i l a r f a s h i o n i n response t o media changes,, 
-145-
23 . THB_EFFECT „0F .HOM(^E_MIZATION OH THE REGENERATION OF 
PROTOPLASTS 
The e f f e c t o f h o m o g e n i z a t i o n w i t h d e s t r u c t i o n o f t h e 
normal arrangements o f c y t o p l a s m i c o r g a n e l l e s was t e s t e d , 
t h e c o n t e x t feeing t h a t i t can be compared w i t h t h e e f f e c t 
o f c u t t i n g i n a c t i v a t i n g b r a n c h i n g o f t h e s p o r a n g i o p h o r e , 
as shown i n Chapter 1 0 I t was suggested t h a t t h e c u t t i n g 
mav have r e s u l t e d i n t h e r e l e a s e o f some s u b s t a n c e ( s ) 
whi c h c o n t r o l l e d t h e r e g e n e r a t i o n and t h u s b r a n c h i n g . 
I s o l a t e d p r o t o p l a s t s f r o m s t a g e I s p o r a n g i o p h o r e 
were homogenized i n a p e s t l e and m o r t a r t h u s b r e a k i n g 
t h e membrane and d i s r u p t i n g t h e d i s t r i b u t i o n o f o r g a n e l l e s . 
T r e a t e d p r o t o p l a s t were c u l t u r e d i n b o t h i o l i d and l i q u i d 
m i n i m a l medium. P l a t e (50(1,2)) shows t h e r e g e n e r a t i o n o f 
t r e a t e d p r o t o p l a s t s w h i c h appeared d i f f e r e n t f r o m r e g e n e r -
a t i o n o f i n t a c t p r o t o p l a s t s (see above)„ The r e g e n e r a t i o n 
appeared t o be i n i t i a t e d f r o m g r a n u l a r s t r u c t u r e s i n c e no 
t y p i c a l u n i t membrane p r o f i l e s appeared. More t h a n one 
developed hypha emerged f r o m each s t r u c t u r e . T h i s c o u l d 
be a t t r i b u t e d t o t h e f o r m a t i o n o f c h i t i n m i c r o f i b r i l s , 
w h i c h c o u l d be i n t i m a t e l y a s s o c i a t e d w i t h g r a n u l e s . An 
a l t e r n a t i v e e x p l a n a t i o n was r e p o r t e d by R u i z - H e r r e r a 
e t al.„ (1975) i n terms o f m i c r o f i b r i l assembly by 
g r a n u l e s o f c h i t i n synthase i n Mucor r o u x i i . 
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The g r a n u l a r system appeared t o emerge as a r e s u l t o f 
t h e b r e a k i n g o f t h e i n t e g r i t y @f t h e c y t o p l a s m i c membrane., 
T h i s may be a s s o c i a t e d w i t h t h e r e l e a s e o f t h e bound o r 
l a t e n t c e l l w a l l s y n t h e s i s enzyme which was c o n t r o l l e d 
b y t h e c y t o p l a s m i c membrane d u r i n g t h e normal growth o f 
t h e p r o t o p l a s t s o The e f f e c t o f t h e c u t or i n j u r y o f t h e 
segments i n p r o d u c i n g r e g e n e r a t i o n and b r a n c h i n g o f 
spo r a n g i o p h o r e may be e x p l a i n e d by t h e f a c t t h a t t h e 
c u t t i n g may have a c t i v a t e d or r e l e a s e d t h e membrane-bound 
enzyme and t h u s produced a random growth„ 
h p a r t i c u l a t e c h i t i n synthase o f Phycomyces has been 
i s o l a t e d (Thomson & F i s c h e r 0 1976) i n an i n a c t i v e o r 
zymogen state„ Also,, Thomson & F i s c h e r (1976) have found 
t h a t i n c u b a t i n g t h e enzyme w i t h t r y p s i n o r cr u d e p r e p a r a t i o n s 
o f a n e u t r a l p r o t e a s e (an endopeptidase) f r o m Phycomyces l e d 
t o a 10 f o l d a c t i v a t i o n o f c h i t i n synthase„ The obser-
v a t i o n s o f r e g e n e r a t i o n f r o m a g r a n u l a r s t r u c t u r e c o u l d 
r e p r e s e n t t h e p a r t i c u l a t e c h i t i n synthase w h i c h m i g h t be 
a c t i v a t e d d u r i n g t h e homogenization,, 
R e g e n e r a t i o n f r o m a g r a n u l a r l i k e s t r u c t u r e was a l s o 
found w i t h o u t homogenization„ I t was ach i e v e d by t h e 
c y t o p l a s m i c components 0 which were p r e s e n t i n s i d e t h e 
s p o r a n g i o p h o r e w h i c h had been c u l t u r e d i n t h e n i t r o g e n -
r i c h medium, P l a t e (50(3) K and t h e s t r u c t u r e o f 
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r e g e n e r a t i o n f o u n d h e r e resembled t h a t w h i c h formed a f t e r 
homogenization,, A u t o l y s i s o f t h e c y t o p l a s m i c o r g a n e l l e s B 
i n s i d e t h e s p o r a n g i o p h o r e i n which hyphae were r e g e n e r a t e d 
f r o m a g r a n u l a r f o r m may have p l a y e d a p a r t . D u r i n g 
a u t o l y s i s substances may have been l i b e r a t e d i n t o t h e 
c y t o p l a s m and may have a c t i v a t e d t h e p a r t i c u l a t e c h i t i n 
s y nthase o f Phycomyces (see Thomson & F i s c h e r , 1976? 
F i s c h e r & Thomson,1979)„ s i n c e t h e i s o l a t e d s p o r a n g i o p h o r e 
was i n a c o n d i t i o n o f s t a r v a t i o n w h i c h showed i n d u c t i o n 
o f a u t o l y s i s (see F e n c l , 1978)„ 
I n c r e a s e d b r a n c h i n g a t t h e t i p r e g i o n may be 
a t t r i b u t e d t o t h e presence o f more c o n c e n t r a t e d membrane-
bound enzyme(s) (see Jan„ 1974)„ C u t t i n g may have caused 
a r e l e a s e o f some substances w h i c h may have a c t i v a t e d 
is 
c h i t i n s ynthase ( F i s c h e r & Thomson,1979)„ T h i s f i n d i n g 
s u p p o r t e d t h e h y p o t h e s i s o f R u i z - H e r r e r a e t a l . , (1975) 
t h a t t h e g r a n u l a r s t r u c t u r e may e l a b o r a t e t h e c e l l w a l l 
m i c r o f i b r i l s I n t h i s case t h e presence o f l e s s g r a n u l a r 
c y t o p l a s m i n t h e b a s a l and m i d d l e s e c t i o n s o f s p o r a n g i o -
phores may be a t t r i b u t e d t o l e s s a c t i v i t y o f w a l l s y n t h e s i s 
w h i l e t h e g r a n u l a r , c y t o p l a s m raas more c o n c e n t r a t e d a t t h e 
t i p o f t h e sporangiophore„ 
P j L g i t f ^ J M ) 
R e g e n e r a t i o n o f p r o t o p l a s t s oh s o l i d medium 
1« A t z e r o hour 
2, flt 4 hrSp showing f o r m a t i o n o f hyphaa aggregates on 
t h e s u r f a c e o f p r o t o p l a s t s 
m a g n i f i c a t i o n X2600 
3, A t 6 hrs„ showing an i n c r e a s e i n d i a m e t e r d u r i n g 
r e g e n e r a t i o n 
m a g n i f i c a t i o n X2600 
4 0 A t 8 h r s p showing t h e i r r e g u l a r and p e r i p h e r a l 
r e g e n e r a t i o n 
m a g n i f i c a t i o n X2800 
6 0 A t 10 hrs„ showing t h e p e r i p h e r a l r e g e n e r a t i o n 
and v e s i c l e l i k e s t r u c t u r e f o r m a t i o n 
8o A t 12 h r s 
m a g n i f i c a t i o n X2800 
m a g n i f i c a t i o n X2800 
BAs B u l g i n g ^ r e a 
Mies G r a n u l a r m a t e r i a l presumed t o be aggrega 
„ „ \ . • o f m i c r o f i b r 
Ps P r o t o p l a s t ~ 
OPs O r i g i n a l p r o t o p l a s t 
HT s Hyphal T i p 
V; V e s i c l e l i k e s t r u c t u r e . 
Pr s P r o t r u a i o n f f t h i s ! may be 
a t t r i b u t e d ' t o t h e f o r m a t i o n o f 
p o l y m i e r o f i b r i l s \ 
RH% Regenerated Hypha : 




R e g e n e r a t i o n o f p r o t o p l a s t s on s o l i d medium 
1 & 2„ Showing t h e f o r m a t i o n o f t h e hyphae, 
c o v e r i n g t h e s u r f a c e o f t h e p r o t o p l a s t , 
Hyphae can a l s o be seen, emerging f r o m t h e 
p e r i p h e r a l r e g i o n 
1 - m a g n i f i c a t i o n X2600 
2 - m a g n i f i c a t i o n X3600 
3,4 Showing t h e development o f hyphae f r o m t h e 
r e g e n e r a t e d p r o t o p l a s t s and a l s o t h e 
f o r m a t i o n o f f o o t cells„ a t 24 hour s a f t e r 
e u l t u f i n g 
m a g n i f i c a t i o n X800 
5 Showing t h e development o f i p o r a n g i o p h o r e s 
f r o m f o o t c a l l s 
m a g n i f i c a t i o n X8Q0 
Pe % Foot d e l 1 
H&s Hyphal a g g r e g a t i o n 
OP • O r i g i n a l P r o t o p l a s t 
P ; P r o t o p l a s t 
RHs Regenerated Hyphae 
RP s Regenerated P r o t o p l a s t s 

P l a t e (36) 
Development o f hypha f r o m p r o t o p l a s t s c u l t u r e d oh t h e 
s o l i d medium 
lo P e r i p h e r a l o r m a r g i n a l region» P r o t o p l a s t s 
were s t a i n e d w i t h 0„1% s o l u t i o n o f p y r o n i n Y 
f o r 5 minutes 
m a g n i f i c a t i o n X52 
2. C e n t r a l r©gion„ P r o t o p l a s t s were s t a i n e d as i n 1. 
m a g n i f i c a t i o n X400 
3„ S t a i n e d w i t h t o l u i d i n e b l u e and showing 
c l u m p i n g 
m a g n i f i c a t i o n X600 
4„ S t a i n e d w i t h a c r i d i n e orange and showing n u c l e i 
m a g n i f i c a t i o n X2000 
HTs "Hypha 1 T i p 
N-s N u c l e i 
RE; Regenerated Kypha 

P l a t e (37) 
Development o f hyphaa •••£•rora'protoplastscultured on t h e 
s o l i d medium 
lo P e r i p h e r a l r e g i o n showing t i p s l e a d i n g t o 
hyphae 
m a g n i f i i e a t i o n X320 
2 0 M i d d l e and c e n t r a l mature r e g i o n , 
Fissed w i t h a e e t i e a c i d ~ a l e o h o l and s t a i n e d 
wi€fo Giemsa f f showing f o o t c e l l f o r m a t i o n 
m a g n i f i c a t i o n X400 
3„ Sporangiophore developed f r o m t h e g l o b u l a r 
body ( f o o t c e l l ) 
m a g n i f i c a t i o n X52 
Fes Foot c e l l 
Ss Hyphae 

R e g e n e r a t i o n and development o f p r o t o p l a s t s . . P r e p a r a t i o n s 
i n 1-4 were r i ^ e d i n a c e t i c a c i d - a l c o h o l and s t a i n e d 
w i t h a c r i d i n e orange 
lo Bud f o r m a t i o n 
2„ A g g r e g a t i o n 
m a g n i f i c a t i o n X3125 
m a g n i f i c a t i o n X3125 
I n semi s o l i d medium 
3„ G l o b u l a r and a b e r r a n t hypha f o r m a t i o n 
m a g n i f i c a t i o n X1225 
4„ F o r m a t i o n o f c h a i n l i k e c e l l s 
m a g n i f i c a t i o n X2700 
5o B u r s t i n g o f r e g e n e r a t e d p r o t o p l a s t s a f t e r 
r e p l a c i n g i n w a t e r 
T n a g n i f i c a t i o n X1225 
AHs A b e r r a n t Hypha 
B° Buddincj 
PA % p r d t o p l a s i t A g g r e g a t i o n 
Ps P r o t o p l a s t 
Ns Nvicle;i 

P r o t o p l a s t r e g e n e r a t i o n and development d u r i n g c u l t u r i n g , 
submerged i n l i q u i d s t a b i l i s e d m i n i m a l medium,, Developed 
p r o t o p l a s t s were f i x e d i n a c e t i c acid-=alcohol and s t a i n e d 
w i t h a c r i d i n e orange 
1„ A t 2 h o u r s 
2„ A t 6 h o u r s 0 showing p o l a r g rowth and development 
o f hyphae 
3„ A t 12 hours 
4„ A t 16 h o u r s Q and showing c o n s t r i c t i o n o f hyphae 
5o A t 24 h o u r s o n o t i c e g r e a t e r i n t e n s i t y o f s t a i n 
f o r D3SA d u r i n g f o r m a t i o n o f septa 
6„ A t 28 h o u r s o showing bud c h a i n f o r m a t i o n ? or 
y e a s t l i k e c e l l s 
1 - 2 m a g n i f i c a t i o n XI250 
3 - 4 m a g n i f i c a t i o n X2250 
5 = 6 m a g n i f i c a t i o n X1250 
C° c o n s t r i c t i o n 
#r N u c l e i 
OPs O r i g i n a l P r o t o p l a s t 
Ps P r o t o p l a s t 
Ess P r o t o p l a s t r e g e n e r a t i n g t o hyphae 
RH| Regenerated Hypha© 
YBt Y e a s t l i k e C e l l 

D i s t r i b u t i o n o f w a l l b i n d i n g s t a i n ( U v i t e x BOPT) and 
n u c l e i d u r i n g development o f p r o t o p l a s t s 
1 0 A t 8 hours,, s t a i n e d by a c r i d i n e orange and 
UVi t e x BOPT i n c o m b i n a t i o n 
m a g n i f i c a t i o n X6125 
2 a A t 12 hours„ s t a i n e d by a c r i d i n e orange and 
UVi t e x BOPT i n c o m b i n a t i o n 
m a g n i f i c a t i o n X6125 
3 0 A t 24 hours 0 s t a i n e d w i t h a c r i d i n e orange„ Red 
background i n d i c a t e s RNA 
m a g n i f i c a t i o n X7000 
Ns N u c l e i 
OP; O r i g i n a l p r o t o p l a s t 
P % P r o t o p l a s t 




P l a t e (41 
A g g r e g a t i o n and d e v e l o p m e n t o f p r o t o p l a s t s d u r i n g 
c u l t u r i n g i n l i q u i d medium f o r 6 h o u r s 
1 - m a g n i f i c a t i o n X 3 2 0 
2 - m a g n i f i c a t i o n X 1 2 8 0 
R l ; R e g e n e r a t i o n i n i t i a t i o n 
S p p h ; S p o r a n g i o p h o r e 







R e g e n e r a t i @ n and d e v e l o p m e n t o f p r o t o p l a s t s i n s t a b i l i z e d 
l i q u i d medium 
1 0 L i n e a r a g g r e g a t i o n o f p r o t o p l a s t s and s h o w i n g 
f o r m a t i o n o f t u b u l a r c e l l 
m a g n i f i c a t i o n X 4 0 0 
F o r m a t i o n o f y e a s t l i k e c e l l s and a b e r r a n t h y p h a e 
m a g n i f i c a t i o n X 3 2 0 
S u b s e q u e n t d e v e l o p m e n t o f h y p h a f r o m t h e 
p r o t o p l a s t , , r e l e a s e d f r o m t i p r e g i o n 
a - 0 h o u r 
b = 2 h o u r s 
c = 4 h o u r s 
d - 6 h o u r s 
5 - m a g n i f i c a t i o n X 1 0 0 0 
6 •= m a g n i f i c a t i o n X 3 2 0 
7^8 D e v e l o p m e n t o f one o r two h y p h a e f r o m t h e p r o t o -
p l a s t r e l e a s e d f r o m t h e t i p r g g i o n 
m a g n i f i c a t i o n X I 6 0 0 
AH's A b e r r a n t Hypha 
APs A g g r e g a t i o n o f p r o t o p l a s t 
CB s C i r c u l a r Body 
RWs R e g e n e r a t e d W a l l 
Y C s Y e a s t l i k e C e l l 
2 , 3 , 4 
5 , 6 
a 
Y C 




R i e g e n e r a t i p ^ 6 f p r o t o p l a s t s „ c u l t u r e d i n l i qu id medium 
1 - ht 2 h o u r s 
2 = 4 h o u r s 
3 = 6 h o u r s 
4 = 8 h o u r s 
5 - 10 h o u r s 
6 - 12 h o u r s 
s h o w i n g a g g r e g a t i o n o f p r o t o p l a s t s 
s h o w i n g d e v e l o p m e n t o f h y p h a e f r o m 
p r o t o p l a s t 
s h o w i n g b i - p o l a r g r o w t h 
m a g n i f i c a t i o n X 1 2 8 0 
APs 2}ggregated p r o t o p l a s t s 
RHs R e g e n e r a t e d Hypha 
RPs R e g e n e r a t e d p r o t o p l a s t s 
B i R s B. l X s g e n e r a t i o n 
OPs O r i g i n a l P r o t o p l a s t 
> % 
W1 
Di'Stribufeioii o f n u c l e i a f t e r r e g e n e r a t i o n o f protoplasts 
i n l i q u i d medium* and s t a i n e d w i t h F e u l g e n s t a i n 
A - E - 8 h o u r s 
F - 10 h o u r s 
G = 12 h o u r s 




m a g n i f i c a t i o n X 1 6 0 0 
m a g n i f i c a t i o n X 1 8 0 0 
m a g n i f i c a t i o n X 1 6 0 0 
m a g n i f i c a t i o n X 1 8 0 0 
&P£!X 
H u c l e i 




D i s t r i b u t i o n o f n u c l e i a l o n g d e v e l o p e d h y p h a e f r o m 
p r o t o p l a s t s „ P r o t o p l a s t s w e r e c u l t u r e d on c o v e r s l i p ? 
f i x e d i n s i t u by a c e t i c a c i d - a l c o h o l and s t a i n e d w i t h 
a c r i d i n e o r a n g e . G r e a t e r a c c u m u l a t i o n o f n u c l e i c a n b e 
s e e n a t t h e t i p r e g i o n o f t h e h y p h a 
m a g n i f i c a t i o n X 3 0 0 0 
Hs Hypha 
Ns N u c l e i 
N 
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102 R e g e n e r a t i o n o f p r o t o p l a s t s i n n i t r o g e n - r i c h 
medium. P r o t o p l a s t s s t a i n e d w i t h w i t ex BOPT 
and s h o w i n g a g r e a t e r y i e l d o f d e v e l o p e d h y p h a e 
1 - a t 12 h o u r s 
2 - a t 24 h o u r s 
m a g n i f i c a t i o n X 1 0 0 0 
3a R e g e n e r a t i o n o f p r o t o p l a s t i n c a r b o n - r i c h medium 
a t 24 h o u r s 
m a g n i f i c a t i o n X 3 1 2 5 
b F o r m a t i o n o f s e p t u m a c r o s s t h e s p o r a n g i o p h o r e 
m a g n i f i c a t i o n X1125 
4 R e g e n e r a t i o n o f p r o t o p l a s t i n c a r b o n - r i c h medium 
m a g n i f i c a t i o n X I 1 2 5 
GT s G r o w t h ftxp 
Ps P r o t o p l a s t 
Se s Septum 
Spph g S p o r a n g i o p h o r e 

BU-afe,t(::4.7-] 
R e f e n e r a t i o n of s por angiophore's w i t h b a s a l e n d s immersed 
i n 
1„ N i t r o g e n r i c h medium 
m a g n i f i c a t i o n X1225 
2„ C a r b o n r i c h medium 
m a g n i f i c a t i o n X1225 
3o N i t r o g e n r i c h medium 
m a g n i f i c a t i o n X3125 
4 „ C a r b o n r i c h medium 
m a g n i f i c a t i o n X3125 
S p o r a n g i o p h o r e s w e r e f i x e d i n a c e t i c a c i d = a l c o h o l 
and s t a i n e d w i t h a c r i d i n e o r a n g e 
Bs B a s a l end 
Hs H y p h a s 
Et N u c l e i 









. A N 
- H A 
R e g e n e r a t i o n o f p r o t o p l a s t s i n n i t r o g e n r i c h med :ium P 
s h o w i n g more b r a n c h i n g o f d e v e l o p e d h y p h a e „ P r o t o p l a s t s 
w e r e s t a i n e d w i t h U v i t e x BOPT 
1 - A t 6 h o u r s 
2 - A t 8 h o u r s 
3 - A t 10 h o u r s 
4 - A t 12 h o u r s 
m a g n i f i c a t i o n X 1 8 0 0 
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1 
j P l g f ^ (49:). 
R e g e n e r a t i o n o f p r o t o p l a s t s i n c a r b o n r i c h medium,, 
s h o w i n g l e s s b r a n c h i n g o f d e v e l o p e d h y p h a e „ P r o t o p l a s t s 
were s t a i n e d w i t h U v i t e x BOPT 
1 - A t 4 h o u r s 
2 - A t 5 h o u r s 
3 - A t 10 h o u r s 
4 - A t 12 h o u r s 
m a g n i f i c a t i o n X1600 
Ps P r o t o p l a s t 

P l & t e (50) 
G r a n u l a r r e g e n e r a t i o n f r o m homogenized p r o t o p l a s t s 
1„ On s o l i d medium 
m a g n i f i c a t i o n X400 
2„ I n l i q u i d medium 
m a g n i f i c a t i o n X400 
3» R e g e n e r a t i o n f r o m g r a n u l a r l i k e s t r u c t u r e 
i n s i d e t h e c u l t u r e d s p o r a n g i o p h o r e i n 
l i q u i d medium 
m a g n i f i c a t i o n X2800 
GB s G r a n u l a r B©dy 
H s Hyphae 
Spph s SporangiophOEe 
SPPh 
= 148= 
CHAPTER I I I 
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24„ I^R_OpUCTIOM_j_II 
As shown p r e v i o u s l y i n Chap t e r s I and t h e 
l o c a t i o n o f RWft0 DMA and p r o t e i n appeared t o p l a y a p a r t 
d u r i n g g r o w t h and deve lopment o f t h e s p o r a n g i o p h o r e „ The 
r e g e n e r a t i o n o f s p o r a n g i o p h o r e s has been shown t o be 
a s s o c i a t e d w i t h t h e l e v e l s o f RNft and p r o t e i n r ecovered , , 
RN& and p r o t e i n c o n t e n t s i n c r e a s e d f i r s t s f o l l o w e d by DISS» 
T h i s i s i n agreement w i t h t h e r e s u l t s o b t a i n e d by Van 
Assche & e a r l i e r (1973) and a c c o r d i n g l y t h e y c l a s s i f i e d 
Phj^omy^cjs as b e l o n g i n g t o c a t e g o r y I f u n g i ( r e v i e w e d b y 
Bramble e t a l M 1 9 7 8 ) . 
P r i o r i t y o f s y n t h e s i s o f RMA and p r o t e i n d u r i n g 
morphogenes i s a l s o r e sembled t h a t f o u n d i n F u s a r i u m s o l a n i 
(Cochrane e t a l o f f 1971),, L e n a i t e s s a e p l a r i a ( S c h e l d & 
P e r r y , 1970) „ M i c r o s p o r i u m jjyjiajjnti (Barash e t a l o e . 1967) „ 
Neurospora c r a s sa (Bhagwat & Mahadevan f f 1 9 7 0 ) 0 Pe ronospora 
t a b a c i n a ( H o l l o m o n , 1969) and Rhizopua s t o l o n i f e r (Van 
E t t e n e t a l o 0 1974) „ M a x i m a l r e c o v e r y o f t h e s e mac ro -
m o l e c u l e s was shown t o be c o r r e l a t e d w i t h g r o w t h and 
deve lopment o f s p o r a n g i o p h o r e s e s p e c i a l l y w i t h a p i c a l 
g rowtho S t u d i e s on t h e q u a l i t a t i v e changes i n t h e RHA 
and r i b o s o m e c o n t e n t s 0 t h e r e f o r © 0 p o s s i b l y c o u l d g i v e 
more i n f o r m a t i o n abou t p r o t e i n s y n t h e s i s d u r i n g t h e 
g r o w t h o f a s e x u a l r e p r o d u c t i v e s t r u c t u r e s o f Phyeomyceg 0 
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a l s o i t was c o n s i d e r e d t o be a u s e f u l sy s t em f o r showing 
i f t h e r e were any changes i n a d e f i n i t e s p e c i e s o f RJ®>, 
d u r i n g t h e r e g e n e r a t i o n and deve lopment* s i n c e i t has 
been f o u n d t h a t t h e i s o l a t e d s p o r a n g i o p h o r e behaves as an 
a t t a c h e d s p o r a n g i o p h o r e „ An i n c r e a s e i n polysome c o n t e n t 
o f t i s s u e s has been r e g a r d e d as a r e f l e c t i o n o f i n c r e a s e d 
m~RHA s y n t h e s i s and hence p r o t e i n s y n t h e s i s (Pearson , 
1969? S p i r i n & G a v r i l o v a , 1 9 6 9 ? S m i t h , 1 9 7 6 ) . Such 
changes i n RNA and o f f o r m a t i o n o f polysomes were f o l l o w e d 
d u r i n g t h e r e g e n e r a t i o n and g r o w t h o f d i f f e r e n t s t ages o f 
t h e spo rang iophore , , 
S p o r a n g i o p h o r e g r o w t h and deve lopment has been g i v e n 
r e l a t i v e l y l i t t l e a t t e n t i o n i n t h e f i e l d o f b i o c h e m i c a l 
i n v e s t i g a t i o n compared w i t h s t u d i e s on g r o w t h and d e v e l o p -
ment o f spores and m y c e l i u m (Gamow & P r e s c o t t , 1972? 
Van Assche & e a r l i e r , 1973; Pearson & Thomas, 1 9 7 6 ) 0 
N u c l e i c a c i d and p r o t e i n s y n t h e s i s d u r i n g g r o w t h and 
deve lopmen t o f f i l a m e n t o u s f u n g i was e x t e n s i v e l y r e v i e w e d 
b y L o v e t t ( 1 9 7 5 ) , S m i t h & B e r r y ( 1 9 7 5 ) , B e r r y & B e r r y (1976) 
B u l l & T r i n c i ( 1 9 7 7 ) , Mac l ean ( 1 9 7 7 ) , Bramble e t a l O J (1978) 
L i k e o t h e r e u k a r y o t i c c e l l s , i t has been e s t a b l i s h e d 
f o r Phycomyces (Pearson & Thomas, 1976) t h a t t h e s y n t h e s i s 
o f t h e m a j o r c y t o p l a s m i c and RNft components p roceeded 
i n i t i a l l y t h r o u g h t h e t r a n s c r i p t i o n o f a l a r g e p r e c u r s o r 
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m o l e c u l e (Leaver & Key , 1970? Udem & W a r n e r , 1972?W«rner, i«J7«f 
L e w i s , 1974, 1976? D a v i d s o n , 1976) „ The i n i t i a l p r e c u r s o r , , 
w h i c h appears t o v a r y i n s i z e f r o m o r g a n i s m t o o r g a n i s m , 
i s f u r t h e r p roces sed b y c l e a v a g e t o g i v e a number o f 
i n t e r m e d i a t e s w h i c h i n t u r n g i v e r i s e t o t h e m a j o r RMA 
m o l e c u l e s o f ma tu re r i bosome (Ingram,, 1972) „ I n Phycomyces, 
on ev idence p r e s e n t e d by Pearson & Thomas (1976) i t i s 
p roposed t h a t t h e m a j o r r i b o s o m a l RE3A (28S and 18S) s y n t h e s i s 
p roceeds t h r o u g h t h e f o l l o w i n g sequence o f mo lecu l e s? 
2o5 x ic£ >lo6 x 1 0 6 — o 1 0 34 x 1 0 6 (28S) REh 
X. 6 ( D a l t o n ) > 0 o 7 2 x 10 (18S) R f f l 
A c c o r d i n g t o w o r k i n h i g h e r p l a n t s , 28S and 18S RNA 
were f o u n d t o be p r e s e n t i n 60S and 40S s u b - u n i t s o f 
e u k a r y o t i e c e l l s ( S p i r i n & G a v r i l o v a , 1 9 6 9 ? Hadho lov & 
N i k o l a e v , 1976) „ I n a d d i t i o n , 5S and 5„8S RKSA ( m o l e c u l a r 
w e i g h t o f 40 ,000 and 60 ,000 d a l t o n s r e s p e c t i v e l y ) a r e a l s o 
f o u n d i n t h e r i bosome o f euka ryo t e s . , I t has been sugges t ed 
t h a t 5S i s p r e s e n t a t t h e s u r f a c e o f 60S s u b - u n i t and may 
be i n c o n t a c t w i t h t h e s u r f a c e o f t h e 40S s u b - u n i t <, 5 0 8 S 
RHA has been f o u n d a s s o c i a t e d w i t h 28S RK& i n t h e 60S s u b -
u n i t ( S p i r i n & G a v r i l o v a , 1969? Payne & D y e r , 1971, 1972? 
H a r v e y , 1973? S t r a n g e w a y , 1977? B e r r y & B e r r y , 1976? 
Cox, 1977? Bramble e t a l . , 1978? E e k e r t e t aj.<>, 1978) . 
As y e t t h e p r e c u r s o r sequence f o r 5S and 5 0 8 S RHA has n o t 
been r e s o l v e d f o r e u k a r y o t i c c e l l s (see a l s o T^nnesen, 1978) <, 
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Any change i n t h e complement o f t h e RE3As s p e c i e s may be 
a r e f l e c t i o n o f t h e p h y s i o l o g i c a l s t a t e o f t h e o r g a n i s m . 
Such changea have been seen as t h e s y n t h e s i s o f a now RE& 
s p e c i e s d u r i n g t h e s p o r u l a t i o n o f S acehjar omyce§ e e r e v i s i a e 
(Udem & W a r n e r , 1972? Hopper e t a l o , 1974? Werjksnora & 
Habgr? 1 9 7 8 ) „ T r a n s c r i p t i o n o f new mRNA d u r i n g p h o t o -
i n d u c e d s p o r u l a t i o n o f T r i c h o d e r m a v i r i d e was f o u n d by 
S t a v y e t a l e ( 1 9 7 0 ) „ I n c o n t r a s t , o t h e r f u n g i show 
a p p a r e n t p r e - e x i s t i n g RE©> d u r i n g g r o w t h and deve lopment 
(see r e v i e w b y Hadho lov & N i k o l a e v ? 1976? Bramble e t a J U 0 
1 9 7 8 ) . 
C o n t i n u o u s s y n t h e s i s o f tREJA and o t h e r s p e c i e s has 
a l s o been r e p o r t e d t o be r e q u i r e d d u r i n g t h e s p e c u l a t i o n 
o f f u n g i (Burke a t a l . , 1972? Cheng-Shong & Van E t t e x i , 
1972)o I n Phycomycefeag:and o t h e r f u n g i * B u r k e e t a j U „ (1972) 
T i m b e r l a k e et a l , 5 ( 1 9 7 2 ) , F a h n r i c h ( 1 9 7 4 a „ b ) , B e r r y & 
B e r r y (1976) r e p o r t e d t h a t t h e s p o r u l a t i o n s t a g e c o u l d be 
i n d u c e d b y s t a r v a t i o n w i t h c o n c o m i t a n t t u r n o v e r o f b o t h 
RNA and p r o t e i n * I n a d d i t i o n T i m b e r l a k e e t .alo<? (1972) 
f o u n d t h a t d u r i n g t h e p e r i o d o f s t a r v a t i o n a l a r g e 
p r o p o r t i o n o f t h e amino a c i d s w h i c h were r e l e a s e d b y 
d e g r a d a t i o n were r e - u t i l i z e d d u r i n g t h e g r o w t h o f t h e 
f o l l o w i n g s t a g e s „ D e g r a d a t i o n o f RHAs d u r i n g t h e 
s t a r v a t i o n and a g e i n g o f f u n g i i s r e v i e w e d b y F e n c l (1978)a 
= 153= 
U t i l i s a t i o n o f degraded RNA ( r i b o n u c l e o s i d e monophosphate) 
as b i o s y n t h e t i c p r e c u r s o r s f o r s y n t h e s i s o f b o t h n u c l e i c 
a c i d s and o t h e r c e l l m a t e r i a l s and a l s o c s i t a b o l i s m , t h e 
r i b o g e p o r t i o n f o r ene rgy purposes has been r e p o r t e d f o r 
B d e l l o y i b r i o b a e t a r i o v o r u s ( H e s p e l l & M e r t e n s , 1 9 7 8 ) „ 
D e g r a d a t i o n o f polysomes d u r i n g s t a r v a t i o n and t h u s 
a l t e r a t i o n o f p r o t e i n s y n t h e s i s has a l s o been r e p o r t e d t o 
o c c u r d u r i n g s t a r v a t i o n and a g e i n g o f b o t h e u k a r y o t i c and 
p r o c a r y o t i c c e l l s (see S t o r c k & Wimmer, 1975? M a r i o t t i 
& R u s e l t t o , 1977? Mifckes , 1977? B a l l a n d e t a l „ t 1 9 7 8 ) . 
D e g r a d a t i o n o f RHA and r ibosomes d u r i n g a g e i n g and a u t o l y s i s 
was f o u n d b y R i g h e l a t o e t a l „ „ (1968)^ N a g a s a k i ( 1 9 6 8 b ) „ 
T r i n c i and R i g h e l a t o (1970) f o u n d t h a t t h e n u c l e i a l s o 
became l e s s e l e c t r o n dense i n a s s o c i a t i o n w i t h t h e r i b o s o m a l 
d e g r a d a t i o n o f t h e s t a r v e d c e l l a „ A d d i t i o n a l l y t h e o r g a n -
i z a t i o n o f n u c l e i c a c i d s and p r o t e i n i n t h e g r o w t h and 
deve lopment o f p l a n t s i n g e n e r a l i s e x t e n s i v e l y r e v i e w e d 
b y Bogorad & W e i l ( 1 9 7 7 ) 8 
The i m p o r t a n c e o f t h e t r a n s l a t i o n s t age i n p r o t e i n 
s y n t h e s i s and w a l l s y n t h e s i s d u r i n g g r o w t h and deve lopment 
o f Phycomyces has been sugges t ed b y Van Lae re e t a l o , ( 1976 , 
1977) „ S i n c e t h e g r o w t h and deve lopment o f Phycomycee, 
spores was i n h i b i t e d i n t h e presence o f c y e l o h © 3 s i m i d e and 
5 = f l u o r o u r a c i l ana logue enzymes r e q u i r e d f o r c e l l w a l l 
- 1 5 4 -
s y n t h e s i s appear t o be under c o n t r o l a t t h e t r a n s l a t i o n s ! 
l e v e l s p o s s i b l y t h r o u g h t h e e x i s t e n c e o f p r e f o r m e d mRMA0 
A d d i t i o n a l l y s p o r u l a t i n g c e l l s o f B a c i l l u s s u b t i l i s have 
been shown t o c o n t a i n mRMA f o r b o t h s p o r u l a t i n g and 
v e g e t a t i v e c e l l s (Fukuda & D o i „ 1 9 7 7 ) „ 
D i s s o c i a t i o n and r ea s se m b ly o f t h e p o l y r i b o s o m e has 
been shown t o be a s s o c i a t e d w i t h a c t i v i t y o f t h e RNA and 
p r o t e i n s y n t h e s i s i n l i v i n g systems ( L i n e t alo0 1967? 
Adelman & L o v e t t , 1972? Harvey,, 1973? Adelman & L o v e t t * 
1974a? Burdon 1976? Cox, 1 9 7 7 ) „ A s h i f t o f monosomas t o 
s 
p o l y r i b o s o m e f r a c t i o n s were f o u n d a s s o c i a t e d w i t h t h e 
gametang ia f o r m a t i o n o f A l l o m y e e s a r b u s c u l a (Fahn r i ch , , 
1977)o I n c r e a s e d r e c o v e r y o f polysomes were a l s o f o u n d 
t o be r e q u i r e d d u r i n g a d i f f e r e n t i a t i o n s t a g e o f 
B l a s t o c l a d i e l l a e m e r s o n i i , B o t r y o d i p l o d i a t heob romae g 
Heurospora -crassa (Henny & Storck<, 1963a f f b? 1974? Bramble 
& Van E t t e n „ 1970? Adelman & L o v e t t , 1 9 7 4 b ) „ L i k e w i s e t h e 
r e g e n e r a t i o n o f s p h a e r o p l a s t s o f Saccharomyces c e r e v i s i a e 
Wa? shown t o be a s s o c i a t e d w i t h t h e r e c o v e r y o f membrane 
bound r ibosomeSp as have o t h e r s t ages i n f u n g a l deve lopment 
( r e v i e w e d b y B e r r y & Ber ry , , 1 9 7 6 ) « The p resence o f mor© 
membrane=bound r ibosomes a t t h e t i p o f t h e s p o r a n g i o p h o r e 
o f Phycornyces ( J a n , 1974) appeared t o be s p e c i f i c a l l y 
a s s o c i a t e d w i t h a s p e c i a l l o c a l d i f f e r e n t i a t i o n f o r 
» 1 5 5 = 
s p e c u l a t i o n . , S i m i l a r l y abundant endoplasmie-mRHA has been 
f o u n d a s s o c i a t e d w i t h t h e f o r m a t i o n and g e r m i n a t i o n o f 
spores o f Peronosgora t a b a c i n a ( H o l l o m o n , 1969, 1970 , 
1 9 7 1 , 1973) and o f Keugosgpra c r a s g a ( M i r k a s , 1974) „• 
A s h i f t o f p r o t e i n s y n t h e s i s f r o m c y t o p l a s m i c t o membrane 
f r a c t i o n s d u r i n g s p o r e f o r m a t i o n o f B a c i l l u g s u b t i l l s was 
a l s o f o u n d b y Goldman ( 1 9 7 6 ) „ T u r n o v e r o f membrane-bound 
r ibosomes have r e c e n t l y .been ^hown t o be a s s o c i a t e d w i t h 
t h e l a t e s t a g e o f m o r p h o g e n e s i s , w h i l e t h e t u r n o v e r o f 
membrane - f r ee r i bosomes was shown t o be a s s o c i a t e d w i t h 
e a r l y g r o w t h and d i f f e r e n t i a t i o n o f D i c t y o s t e 1 i u m 
d i s c o i d e u m ( B o u r g u i g n o n & K a t z * 1 9 7 8 ) „ A c t i v i t y o f c h i t i n 
s y n t h a s e was f o u n d t o be more i n t h e m i c r o s o m a l f r a c t i o n o f 
Mueor r o u x i i (McMurrough & B a r t n i e k i - G a r e i a , 1 9 7 1 ) , I n 
t h i s s t u d y an i n v e s t i g a t i o n was made i n t o t h e changes i n 
s p e c i f i c RNA and r i b o s o m © f r a c t i o n s d u r i n g t h e d i f f e r e n t i a t i o n 
and g r o w t h o f t h e s p o r a n g i o p h o r e and p r o t o p l a s t s o f 
Phyeomyces b l a k e s l e e a n u s . eomvees 
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2 5 . EXTRACTION AM) FRACTIOIS^TION OF NUCLEIC_A_CDS 
1 . D e t e r g e n t - p h e n o l g ^ t g a g t l o a 
The method d e s c r i b e d b y K i r b y (1965) and L o e n i n g 
(1967) and as adap ted by Pearson (1969) and S t e w a r t & 
Letham (1977) was u s e d . S tage I s p o r a n g i o p h o r e s were 
f r o z e n w i t h l i q u i d a i r and homogenised w i t h a p e s t l e 
and m o r t a r ? w i t h 5 m l o f d e t e r g e n t medium c o n t a i n i n g ? -
1% T r i = i s o p r o p y l n a p h t h a l e n e s u l p h o n a t e 
6% p - a m i n o s a l i e y l a t e 
50 mM NaCl 
10 mM M g C l 2 
10 mM T r i s - H C l pH 7„4 
The m i x t u r e o f t h e t i s s u e and d e t e r g e n t medium was mixed 
w i t h 5 m l o f a p h e n o l m i x t u r e c o n s i s t i n g o f s -
R e d i s t i l l e d p h e n o l c o n t a i n i n g 
10% m - c r e s o l 
0 o l % 8 ~ h y d r o x y q u i n o l i n e s a t u r a t e d w i t h 10 mM t r i s - H C l 
pH 7o4 
f o l l o w e d by b l e n d i n g u s i n g a " M h i r l i m i x e r ' ( F i s o n s c i e n t i f i c 
a p p a r a t u s L t d , , L o u g h b o r o u g h ) » T h i s m i x t u r e was c e n t r i f u g e d 
f o r 10 m i n u t e s a t t o p speed i n an MSE c l i n i c a l c e n t r i f u g e 
o r M i n o r bench c e n t r i f u g e a t room t e m p e r a t u r e » The l o w e r 
l a y e r o f p h e n o l was removed u s i n g a P a s t e u r p i p e t t e and 
t h e upper aqueous l a y e r and i n t e r p h a s e m a t e r i a l was b r o u g h t 
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t o 0„5M w i t h NaCT 0 The aqueous s o l u t i o n was e x t r a c t e d a 
second fcime by th© a d d i t i o n o f an e q u a l volume o f p h e n o l 
m i x t u r e f o l l o w e d by e e n t r i f u g a t i o n as a b o v e „ N u c l e i c 
a c i d s were p r e c i p i t a t e d f r o m t h e aqueous phase b y a d d i n g 
2 volumes o f c o l d a b s o l u t e e t h a n o l and k e e p i n g i t 
o v e r n i g h t a t = 2 0 ° C o P r e c i p i t a t e d n u c l e i c a c i d s were 
c o l l e c t e d b y e e n t r i f u g a t i o n a t t o p speed i n an MSE bench 
c e n t r i f u g e f o r 10 m i n u t e s 0 80% e t h a n o l , c o n t a i n i n g 0 o 5% 
SDS, was used t o wash t h e n u c l e i c a c i d p e l l e t and 
c e n t r i f u g a t i o n was c a r r i e d o u t as p r e v i o u s l y descr ibed 1 . . 
F i n a l l y t h e p e l l e t was washed s e v e r a l t i m e s i n 70% e t h a n o l 
c o n t a i n i n g 0 0 1M sod ium a c e t a t e „ The RNA p e l l e t was n o r m a l l y 
r e d i s s o l v e d i n a s m a l l vo lume o f t h e a p p r o p r i a t e e l e c t r o -
p h o r e s i s b u f f e r and e i t h e r used i m m e d i a t e l y o r s t o r e d a t 
=20°C o A l l o f t h e p r e v i o u s s t e p s were c a r r i e d o u t a t 
0=4°C and t h e v a r i o u s s o l u t i o n s s t o r e d a t 4°C„ N u c l e i c 
a c i d c o n c e n t r a t i o n s i n s o l u t i o n were measured b y t h e method 
o f T e s t e r & Dure (1966) as d e s c r i b e d a b o v e „ 
2o P o l y a c r y l a m i d e g e l p r e p a r a t i o n 
The method o f L o e n i n g (1967 , 1968a) as m o d i f i e d b y 
Pearson (1969) and St rangeway (1977) was used h e r e 0 The 
s t o c k a c r y l a m i d © was p r e p a r e d as a s o l u t i o n o f a c r y l a m i d e 
and m e t h y l e n e b i s a c r y l a m i d e r e e r y s t a l l i s e d f r o m c h l o r o f o r m 
and ace tone r e s p e c t i v e l y ( L o e n i n g , 1 9 6 7 ) „ For g e l s o f an 
aery1amide p r o p o r t i o n o f l e s s t h a n 5% a s t o c k monomer 
e r e 
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s o l u t i o n o f 15% a e r y l a m i d e and 0.75% b i s a e r y l a m i d e was 
p reparedo Fo r g e l s o f a g r e a t e r a e r y l a m i d e p e r c e n t a g e t h e 
monomer s t o c k s o l u t i o n c o n t a i n e d 15% a c r y l a m i d e and 
0 o 35% b i s a e r y l a m i d e „ These s t o c k s o l u t i o n s were s t o r e d 
i n t h e d a r k a t room t e m p e r a t u r e „ Ammonium p e r s u l p h a t e 
(10%) was p r e p a r e d and made up f r e s h f o r each p r e p a r a t i o n . 
S t o c k s o l u t i o n s o f b u f f e r were p r e p a r e d as f o l l o w s s ~ 
"E" b u f f e r o f L o e n i n g (1969) 
0 .036M T r i s ^ H G l pH 7 ,7 
0 .03M Sodium d i h y d r o g e n phosphate 
0 .001M Disod ium EDTA 
T h i s was p r e p a r e d as a t h r e e - f o l d c o n c e n t r a t e d s t o c k s o l u t i o n 
" 3 E " . P o l y a c r y l a m i d e g e l s were made up as f o l - l o w s 
G e l s t r e n g t h % 
2o2 2 . 6 7„J 
S t o c k a e r y l a m i d © 3 .6 ml 4 „ 3 3 m l 12*5 ml 
(monomer) 
"3E" b u f f e r 8 .32 ml 8 „ 3 2 ml 8 .32 ml 
Water 1 2 0 7 8 m l 1 2 . 1 1 m l 3 . 9 4 m l 
TEMED 0 . 0 2 m l 0 . 0 2 m l 0 . 0 2 m l 
Ammonium p e r s u l p h a t e 0 . 2 m l 0 . 2 m l 0„2 m l 
am 
The m i x t u r e was degassed under vacuum b e f o r e 0 . 2 m l o f 10% 
ammonium p e r s u l p h a t e was added . P o l y a c r y l a m i d e g e l s were 
c a s t f r o m t h e above m i x t u r e i n v e r t i c a l l y h e l d ' p l e x i g l a s s ' ' 
t u b a s (9 em x 0 .6 cm i n t e r i o r l e n g t h d i a m e t e r ) t o a d e p t h 
o f 8 . 0 cm. The above vo lume o f p o l y a c r y l a m i d e m i x t u r e 
s h o u l d g ive , enough m a t e r i a l f o r t h e p r e p a r a t i o n o f 8 g e l ? i . 
The l o w e r end o f each ' p l e x i g l a s s ' t u b e was s e a l e d w i t h 
d i a l y s i s membrane h e l d i n t h e p l a c e w i t h a r u b b e r r i n g 
t o s u p p o r t t h e g e l s . To p r e s e n t t h e s o l u t i o n o f t h e p o l y -
a c r y l a m i d e p a s s i n g t h r o u g h t h e d i a l y s i s membrane b e f o r e i t 
had set,, a c l o s e d r u b b e r tube was f i t t e d ©ver t h e membrane 
( f o r m i n g an a i r s e a l ) w h i c h was removed a f t e r t h e g e l s 
seto I n t h e case o f t h e 705% p o l y a e r y l a m i d e g e l t h e 
s u r f a c e o f t h e g e l s o l u t i o n was c a r e f u l l y l a y e r e d w i t h a 
d r o p o f w a t e r a p p l i e d t o t h e m i n i s c u s o f t h e s o l u t i o n t o 
ensure a f l a t surface,, T h i s was n o t a problem w i t h 202% 
and 206% gels„ The r u n n i n g b u f f e r was pre p a r e d by 
d i l u t i n g t h e s t o c k b u f f e r s o l u t i o n "3E" t h r e e - f o l d and 
0o3% o f SDS was added t o t h e f i n a l concentration„ 
3. Ele'ctr o^hdrQgls,-;and f r a c t i o n a l i o n 
T h i s was c a r r i e d o u t u s i n g a Vdkam power paeleff s e t on 
c o n s t a n t c u r r e n t made a t 5 M&/gel c g i v i n g a v o l t a g e o f 
48-50 Vo f o r a p p r o x i m a t e l y 30 minutes t o p r e - r u n t h e g e l s , 
25=20 ug o f RHA i n 0„02-0„l ml o f b u f f e r p l u s a s m a l l 
q u a n t i t y 0 5% o f s o l i d s u c r o s e 0 were loaded o n t o each g e l 
and t h e e l e c t r o p h o r e s i s r u n f o r t h e r e q u i r e d l e n g t h o f t i m e 
(2-3 hours)o A t t h e end o f t h e r u n t h e d i a l y s i s membrane 
was removed! and t h e g©ls a l l o w e d t o s l i d e o u t o f t h e 
r u n n i n g t u b e s i n t o a p e t r i d i s h o f w a t e r o r 7% a c e t i c 
a e i d f f and were l e f t f o r 1-2 hours t o remove t h e h i g h 
absorbance substances f r o m t h e g e l s , 2o6% g e l s were 
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removed easily„ b u t 7 0 5 % g e l s were d i f f i c u l t t o remove 0 
Thus an i n j e c t i o n i n s t r u m e n t was m o d i f i e d * t o i n c r e a s e 
t h e p r e s s u r e over t h e s u r f a c e o f t h e g e l f f w h i c h pushed 
t h e g e l o u t o f t h e ' p l e x i g l a s s ' tube„ 
4o U.Vo a b s o r p t i o n s c a n n i n g 
To det e r m i n e t h e p o s i t i o n o f t h e bands o f t h e RHA 
on t h e g e l s j , t h e y were scanned i n a JoyceHLoebl p p l y f r a c 
f i t t e d w i t h a 265 nm i n t e r f e r e n c e f i l t e r , , The area under 
t h e peak on g e l t r a c e s was measured by w e i g h i n g t h e 
t r a c i n g s o f t h e peaks 0 To e s t i m a t e R3J3& f o r l o a d i n g , t h e 
method o f T e s t e r & Dure (1966) was used where O D26o~ G D290 
=1 
= 1* = d.5 mg-ml xm. 
5, M o l e c u l a r w e i g h t d e t e r m i n a t i o n 
The a p p a r e n t m o l e c u l a r weights, o f RN& f r a c t i o n s were 
d e t e r m i n e d f r o m a p l o t o f l o g m o l e c u l a r w e i g h t a g a i n s t t h e 
m o b i l i t y o f t h e RE& f r a c t i o n a l o n g t h e g e l s ( i n cm). 
E o c o l i r i b o s o m a l RE® s p e c i e s were used as a s t a n d a r d 
marker f o r t h e d e t e r m i n a t i o n s (see Loening,, 1968b & c„ 
1969? B i s h o p e t a l 0 ? 1967? Pearson f f 1969? Strangeway p 
1977)„ 
6„ E x t r a c t i o n and f r a c t i o n a t i o n o f ribosomes 
The method o f Jachymegyk & Cherry (1968) as d e s c r i b e d 
b y Pearson (1969) and Strang^way (1977) was used t o e x t r a c t 
p o l y r i b o s o m e s f r o m t h e s p o r a h g i o p h o r e o f Phycomyces 0 
Washed st a g e I (1 gm f r e s h w e i g h t ) s p o r a n g i o p h o r e s were 
f r o s e n i n l i q u i d n i t r o g e n and were homogenized t o a powder 
i n a p r e c o o l e d mortar., A d d i t i o n o f 3 ml-gm'of t h e 
f o l l o w i n g e x t r a c t a n t b u f f e r was made?-
Go02 M T r i s = H C l pH 8„0 
Oo25 M Sucrose 
OoOl M Magnesium c h l o r i d e 
0 o015 M Potassium c h l o r i d e 
Q o005 M B - m e r c a p t o e t h a n o l 
0o5% Sodium d e o x y c h o l a t e 
The homogenate was c e n t r i f u g e d a t 12„000 a: g f o r 20 minutes 
o 
a t 5 e i n an MSE 'high speed' 18 c e n t r i f u g e , , Using a 
s t e r i l i s e d p i p e t t e 0 t h e p o s t ^ m i t o c h o n d r i a l s u p e r n a t a n t was 
removed and l a y e r e d over 1 ml o f 0 o5 M and 3 mis; o f ©„5 M 
sucrose? b o t h made up i n 0.02 M t r i s = H G l pH Boo, 0 o01 M 
magnesium chloride,? 0 o015 M po t a s s i u m c h l o r i d e and 0 o005 M 
B - mercaptbethanplo T h i s was f o l l o w e d by e e n t r i f u g a t l o n a t 
40o000 x g„ f o r 3 h o u r s a t 0 GC i n a 10 x 10 ml t i t a n i u m 
a n gle r o t o r f i t t e d i n an MSE superspeed 65 ultracentrifuge„ 
A l l e x t r a c t i o n and t r a n s f e r s t e p s were c a r r i e d o u t a t 4°C 
t o m a i n t a i n p o l y r i b o s o m e s i n t a c t and p r e s e n t t h e i r 
d e g r a d a t i o n . The h i g h speed s u p e r n a t a n t was decanted and 
t h e tube d r a i n e d by i n v e r s i o n , , The tub e s were a l s o wiped 
w i t h an abs o r b a n t t i s s u e paper„ Sedimented p o l y r i b o s o m a l 
p e l l e t s were used i m m e d i a t e l y o r s t o r e d a t =20% 0 
p -
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Polyribosome p a l l e t s were d i s s o l v e d i n t h e minimum 
amount o f t h e a p p r o p r i a t e b u f f e r w h i c h c o n t a i n e d l o % 
sucrose„ 0 o 0 1 ml o f t h e p o l y r i b o s o m e s o l u t i o n was d i l u t e d 
i n 1 ml o f d i s t i l l e d w a t e r i n 1 ml c u v e t t e <, The absorbanee 
o f t h e po l y r i b o s o m e s was measured i n t h e Unieam 1800 
s p e c t r o p h o t o m e t e r o Maximum absorbanee was fo u n d a t 260 nm 
wa v e l e n g t h <> I n t h i s case,, t h e r i b o s o m a l RH& was e s t i m a t e d 
f r o m t h e u ^ . a b s o r p t i o n s pectrum Using t h e T e s t e r and 
=1 
Dure (1966) method„ where 0D_ r^ = O D ^ ^ ~ 11 - 1„0 mg.ml 
ribosomeSo 
P r e p a r a t i o n p f ^ e l e l e c t r o p h o r e s i s and f r a c t i o n a t i o n o f 
ribosomes 
The method used was e s s e n t i a l l y t h a t o f Strangeway 
(.1977) o 2 0 2% p©lyacrylamide g e l s were made as p r e v i p u s l y 
d e s c r i b e d o F i v e = f o l d c o n c e n t r a t i o n s ^ <stpcfc soM^ionsT o f t h e 
f o l l o w i n g b u f f e r were employed (L o a n i n g ff 1968a and 
Strangeway„ 1977)s 
O o l M T r i s - a c e t a t e pH 8 o0 
75 mM Potassium a c e t a t e 
3 7 05 mM Magnesium a c e t a t e 
Gels were p r e ~ r u n f o r 30 minutes a t 13 V par g e l (104 V 
f o r 8 g e l s ) u s i n g a Vokam power pack s e t on a c o n s t a n t 
v o l t a g e mode 0 S o l u t i o n s o f up t o 40 u l o f po l y r i b o s o m e s 
i n t h e e l e c t r o p h o r e s i s b u f f e r p l u s 10% s u e r o f e c o n t a i n i n g 
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a p p r o x i m a t e l y 1 5 ug ribosomes were l o a d e d c a r e f u l l y o n t o 
t h e g e l S o E l e c t r o p h o r e s i s was c a r r i e d o u t f o r 2 hours a t 
2°C i n a c o l d room w i t h b u f f e r c i r c u l a t i o n between t h e 
two r e s e r v o i r s 0 F o l l o w i n g electrophoresis„ t h e g e l s were 
washed i n 1% a c e t i c a c i d f o r 1 = 2 hours„ Separated bands o f 
t h e ribosomes were seen a f t e r t h e wash as w h i t e p r e c i p i t a t e d 
bands, and were a l s o v i s u a l i z e d c l e a r l y a f t e r s t a i n i n g f o r 
RNA w i t h 0 o 0 2 % t o l u i d i n e b l u e ( d e s t a i n i n g w i t h s e v e r a l 
changes o f d i s t i l l e d w a t e r ) and by s t a i n i n g f o r p r o t e i n 
w i t h 0 o l % amido b l a c k i n 1% g l a c i a l a c e t i c - a c i d ( d e s t a i n i n g 
w i t h s e v e r a l changes o f 1% g l a c i a l acetic-acid)„ Washed 
g e l s , w i t h o u t s t a i n i n g , were scanned a t 2 6 5 nm i n 
Joyce L o e b l P o l y f r a c 0 
7 , E x t r a c t i o n o f R j ^ _ ^ r g m ^ i s o l a t e d ribosomes 
The method d e s c r i b e d by Strangeway ( 1 9 7 7 ) was usedo 
S o l u t i o n s c o n t a i n i n g a p p r o x i m a t e l y 3 0 ug ribosomes ( 1 5 ug 
RNA) f o r 2 o 6 % p o l y a c r y l a m i d e g e l s and 6 0 ug ribosomes 
( 3 0 ug RNA) f o r 7 0 5 % g e l s were loaded o n t o t h e g e l s w h i c h 
were e l e c t r o p h o r e s e d i n t h e ribosomes r u n n i n g b u f f e r p l u s 
0 o 3 % SDS„ Gels were t r e a t e d as f o r RMA f r a c t i o n a t i o n s as 
a l r e a d y d e s c r i b e d , 
8 „ Denomination o f pol y r i b o s o m e s presence 
An e q u a l amount o f t h e r i b o s o m a l s o l u t i o n i n t h e 
e l e c t r o p h o r e s i s b u f f e r c o n t a i n i n g 1 0 % sucrose was mixed 
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w i t h an e q u a l amount o f 10 mg°ml R^ase„ 40 u l ©f t h e 
s o l u t i o n c o n t a i n i n g a p p r o x i m a t e l y 15 ug ribosomes were 
loaded as d e s c r i b e d above„ 
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26 „ QI&L IT AT IV^E_ STlP_2gS_ OF^ RM, OF _S POR^GIOPHORES 
L C h a r a c t e r i z a t i o n o f t h e method 
T o t a l RNas o f s t a g e I s p o r a n g i o p h o r e s (10=20 ram i n 
l e n g t h ) were e x t r a c t e d by t h e p h e n o l - d e t e r g e n t methods 
The a b s o r p t i o n spectrum i s shown i n F i g u r e ( 2 8 ) 0 hs 
shown, t h e maximum and minimum a b s o r p t i o n were a t 260 nra 
and 240 nm respectively„ 
The r a t i o s o f E260 and E260 v a l u e s were as f o l l o w s s = 
E240 E280 
1 058 1„92 
T h i s i n d i c a t e d e s s e n t i a l l y t h e absence o f any c o n t a m i n a t i o n 
o r i n t e r f e r e n c e w i t h e x t r a n e o u s substances and a l s o a c t e d 
as an i n d i c a t i o n o f t h e p u r i t y o f RW> (see Peterman, 1964? 
T e s t e r & Dure,1966; Pearson, 1969? Strangeway, 1977)„ 
2 0 R ^ ^ f r a c t i o n a t i o n 
RN&'s s p e c i e s were f r a c t i o n a t e d by 2=6 and 7 0 5 % p o l y -
a c r y l a m i d e g e l e l e c t r o p h o r e s i s s y s t e m 0 Traces f o r high 
and low m o l e c u l a r w e i g h t s RNft a r e shown i n F i g u r e (29)„ 
Using h i g h l y p o l y m e r i s e d E 0 c o l i RN& as a s t a n d a r d , a l i n e a r 
r e l a t i o n s h i p between t h e m o b i l i t y and l o g c m o l e c u l a r 
w e i g h t f o r e l e c t r o p h o r e t i c a l l y s e p a r a t e d r i b o s o m a l RW\ 
(rRNft) e x i s t e d , F i g u r e (30) , see B i s h o p e t a l 0 „ (1967),, 
L o e n i n g (1968c) , Strangeway (1977) «, S e d i m e n t a t i o n v a l u e s 
o f 28S and 18S were o b t a i n e d f o r t h e h i g h m o l e c u l a r w e i g h t 
image 
UoVc a b s o r p t i o n s pectrum o f RNA e x t r a c t e d f r o m 
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PAGE o f h i g h and low m o l e c u l a r w e i g h t Rffi s p e c i e s e x t r a c t e d 
f r o m f u l l l e n g t h s p o r a n g i o p h o r e s 
A» High m o l e c u l a r ^tfeight rRKA 
1- 18S rRKA 
2=28S rRNA 
B= High m o l e c u l a r w e i g h t rRNA loaded w i t h E ^ c o l i R£3A 
1=16S o f E o c o l i 
2=18S o f ^vcomy^ceg 
3- 26S o f E o C o l i 
4- 28S o f Phycomyeas 
Co Non t r e a t e d R l l 
1=4S 
2=SS 
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0.7 







r i b o s o m a l RNAQ These v a l u e s resembled those found f o r 
mycelium by Pearson & Thomas (1976) who d e t e r m i n e d 
6 
apparant m o l e c u l a r w e i g h t o f l c 3 4 and ©„72 x 10 d a l t o n 
r e s p e c t i v e l y o 
I d e n t i f i c a t i o n o f 5S and 4S f r a c t i o n s f o r s p o r a n g i o = 
phore was made bjp comparison w i t h m y c e l i a l low m o l e c u l a r 
w e i g h t RNA, F i g u r e (31C)„ 
3 Q RMA e x t r a c t i o n and f r a c t i o n a t i o n o f t i p , m i d d l e 
Using s i m i l a r systems as d e s c r i b e d above, t o t a l RNA 
were a l s o e x t r a c t e d and f r a c t i o n a t e d f r o m t i p , m i d d l e and 
b a s a l segments o f st a g e I s p o r a n g i o p h o r e c These segments 
were e q u a l i n l e n g t h and f r e s h weight,, U 0 v 0 a b s o r p t i o n 
s p e c t r a , F i g u r e ( 3 2 ) s showed a maximum and minimum a b s o r p t i o n 
a t 260 and 240 nm w a v e l e n g t h r e s p e c t i v e l y 0 The r a t i o s 
o f E260 and E260 v a l u e s are shown i n Tab l e (10) 
E240 E280 
The m o l e c u l a r w e i g h t v a l u e s were t h e same f o r RNA 
e x t r a c t e d f r o m t i p , m i d d l e and base segment and a l s o 
resembled t h o s e f o u n d f o r RNft e x t r a c t e d f r o m s p o r a n g i o p h o r e s 
w h i c h were i n f u l l l e n g t h as d e s c r i b e d above„ 
Using t h e T e s t e r & Dure (1966) e q u a t i o n (see m a t e r i a l s 
and methods) t o t a l c o n c e n t r a t i o n s o f RNA were c a l c u l a t e d ; 
=1 
a g r e a t e r c o n c e n t r a t i o n o f RE5A, 550 ug RNZV-gm f r e s h w e i g h t 
and b a s a l seqments 
PAGE o f h i g h and low molecular weigh t Rf f l species 
e x t r a c t e d f r o m mycelium 
2,6% ge l s 




B„ Hea t - t r ea t ed RES* 
7„5% ga l s 
Co Non- t rea ted RS3& 
1- 4S Rm 
2~5S R£S8 
Do H e a t - t r e a t e d RK& 
1V4S Rip 
2 - 5S R M 
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UoV„ a b s o r p t i o n spect ra o f RKA e x t r a c t e d f r o m t i p * 
middle and b a s a l segments 
T = T i p 
M = Middle 
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The r a t i o s o f E260 and E260 o f RN& e x t r a c t e d f r o m tip,? 
E240 E280 
middle and basa l segments 
Segmejots S2§5 EJ260 
E240 E280 
T i p lo35 lo45 
Middle 1 0 23 1 0 32 
Base l o l 9 1 0 37 
= 168 
t i s s u e was found f o r t i p segments compared w i t h 235 and 
=1 
163 ug-gm obta ined f o r middle and basa l segments 
r e s p e c t i v e l y <, Such d e c l i n e i n the t o t a l c o n c e n t r a t i o n o f 
the RNh o f r o m t i p t o basa l r e g i o n s 0 i s i n agreement w i t h 
the observa t ions which were ob ta ined and r epo r t ed d u r i n g 
the e y t o l o g i c a l and q u a n t i t a t i v e s tud i e s (see chapter I 
and I I ) where the t i p r e g i o n showed a g rea t q u a n t i t y o f 
1 0 D i s t r i b u t i o n o f RH& f r a c t i o n s 
Q u a n t i t a t i v e measurements o f the f r a c t i o n a t e d RMft 
species which were e x t r a c t e d f r o m d i f f e r e n t r e g i o n s „ were 
obta ined by weighing the t r a c e area o f each f r a c t i o n ( f o r 
example area f o r each 28Sff 18S, 5S and 4S)„ The area o f 
each peak (measured as we igh t ) was expressed as a percentage 
of t o t a l peak a r e a « The area o f each of 28S and 18S RNA 
f o r the t i p , middle and basa l segments was measured f r o m 
t races i n F igure (33)„ w h i l e i n F igure (34) are shown 
the area o f 4S and 5S o f s i m i l a r s egmen t s„ The r e s u l t s 
are shown i n Table (11)„ V i r t u a l l y no change i n s p e c i f i c 
f r a c t i o n was found except 28S rRN& f r a c t i o n s showed a 
s l i g h t d e c l i n e i n p r o p o r t i o n b u t t h i s may not be 
s i g n i f i c a n t o 
PAGE o f h i g h molecular weigh t rR|S spacies. e x t r a c t e d 
f r o m tipo middle and basa l segments 
2,6% gala 
ft 0 T i p Bo Middle C„ Suae 
1 - 18S rRNft 18S r R M 18S rRH& 
2 - 28S rRHA 28S rRHA 28S rRjaa 
1 




PAGE o f low molecular weigh t RKA species e x t r a c t e d f r o m 
t i p , middle and b a s a l segments us ing 7q5% gels 
T i p 
Ao Hon- t rea ted RN& 
1- 4S 
2- 5S 
M d d l e 
C„ ETon=treated RNft 
Base 
Eo Non- t rea ted RE® 
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Percentage of t o t a l g e l RNft f r a c t i o n a t i o n s ^ e x t r a c t e d 
f r o m tip,? middle and basa l segments. 
Rism f r a c t i o n % o f t o t a l g e l 


















2 0 Observations ^n^J^ow j ^ j ^ c u l a r we igh t REh 
Where RN& i s e x t r a c t e d and f r a c t i o n a t e d under c o n d i t i o n s 
which m a i n t a i n the i n t e g r i t y , the f r a c t i o n s descr ibed above 
are obta ined (see a l so Kirby,1965? Pustz ta i ,1966? 
Loening,1967? 1968a 0b f fc? Strangeway, 1977)„ 
HoweverB the presence of h idden f r a c t i o n s can be 
revea led by s p e c i f i c t r e a t m e n t s „ One such t r ea tmen t i s t o 
t r e a t the rRN& t o a m i l d heat shock a t 60°C f o r 6=8 minutes 
which r e s u l t s i n t he re lease of a lower molecular we igh t 
f r a c t i o n descr ibed as 5„8S RHft (see Lazar e t ale* 1969? 
Higo e t aloy 1971? Payne & Dyer,1972? Leaver,1973? 
R e i j n d e r s £ 1 9 7 3 ? Grierson,1974? Berry & Ber ry , 1976 ? 
Hadholov & N i c k o l a e v , 1 9 7 6 ) „ This RNA i s apparen t ly complexed 
t o the 28S f r a c t i o n 0 
F r a c t i o n a t i o n on 2*6% gels a f t e r heat shock d i d not 
show any d i f f e r e n c e s f r o m c o l d t r e a t e d RSEa? the s l i g h t 
decrease i n the m y c e l i a l 28S and 18S RNA o f h e a t - t r e a t e d 
RNft cou ld be a t t r i b u t e d t o a s l i g h t change i n l o a d i n g 
q u a n t i t y , F igure (3lS) . On 7C5% gels the 5„8S Rm i s 
revea led as a new peak,? Figure (31D) „ 
When the d i f f e r e n t sporangiophore segments were 
examined f o r the f r a c t i o n ? i t was found t o be present i n 
l a rge q u a n t i t i e s i n unheated RN£ f r o m the t i p ? see Table (12) „ 
I n c o n t r a s t i t was present i n the same q u a n t i t i e s i n / t h e 
o ther two reg ions o n l y a f t e r h e a t i n g , F i g u r e (34 -D,F): ? 
Table 12 
The r a t i o o f area o f _5S of RNA f r o m the t i p , middle 
5 a 85 
and base segments 
R a t i o 
1 0 21 
1.71 





The presence o f " f r e e " 5<,8S rRE3A has been observed 
i n a c t i v e l y growing mycelium (Pearson,, pe r sona l 
communication) and may represent a r e f l e c t i o n o f h i g h 
a c t i v i t y o f ribosomes or t h e i r synthesis , , 
171= 
4„ R l E fgac t iona t iqn^uEing^^QveLppment o f sporangio-
phores f r o m mycelium 
Low and h i g h molecular we igh t species o f Rffl were 
e x t r a c t e d f r o m mycelium be fo re and a f t e r i n d u c t i o n o f 
sporangiophore i n i t i a t i o n or development,, Sporangiophore 
i n d u c t i o n was ob ta ined by a e r a t i o n o f the submerged 
mycelium, f o l l o w i n g the methods descr ibed i n "General 
m a t e r i a l s and methods"., 
RNA f r a c t i o n a t i o n was achieved by 206% and 7a5% 
g e l s , and shown i n F igure (35) „ A t the i n i t i a t i o n o f 
sporangiophore development a new species o f RKA, determined 
as 20S, appeared i n the g e l , F igure (35B)„ Also g rea te r 
contents o f 5„8S RNA were a l so seen i n a s s o c i a t i o n w i t h the 
i n i t i a t i o n o f the sporangiophore, F igure (35D)„ compared 
w i t h those o f the mycelium, F igure (35A,C) 0 A new species 
o f 20S RNA was a l s o seen d u r i n g the s p o r u l a t i o n o f 
S accharomyce s e e r e y i s i a e , and was considered t o r e f l e c t 
a s i g n i f i c a n t p h y s i o l o g i c a l s t a t e o f the organism (Hopper 
e t a l e , 1974? Wei jksnora & Haber, 1978) . 20S RNA o f 
Phjgcgmyces was found t o disappear d u r i n g subsequent growth 
o f stage l 0 bu t appeared aga in a t the s p o r u l a t i o n t ime o f 
sporangiophore (stage I I ) „ A f t e r spore f o r m a t i o n was 
complete , 20S RNA was no longer f o u n d , thus i t i s p o s s i b l e 
t h a t 5 08S and 20S RISA f o r m a t i o n may be a t t r i b u t e d t o a 
unique metabol ic a c t i v i t y d u r i n g these stages o f 
Figure (35) 
PAGE of high and low molecular weight RW* species 




After sporangiophora development 
Co 2 0 6 % gel 
1- 18S mm 
2- 20S rR3S& 
3- 18S rRSBV 
1=4S RN& 
2~5S rRNA 
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d i f f e r e n t i a t i o n and morphogenesis., Likewise a unique 
arrangement for synthesis of 5„8S during growth and 
development of yeast was also suggested by P h i l l i p s e n 
et a l 0 o (1978)„ 
5 0 and ageing 
1 0 Rip characterigation 
During growth and development of sporangiophores^ 
RH& was extracted from different regions of stage !<? XI 
plus I I I and IV <, The absorption spectrum of total RH& 
showed v a r i a t i o n i n max„ and min<,„ depending on which 
stage of sporangiophore was examined,Figures (36c37)o 
The r a t i o s of the EmaXo and Emax are shown i n Table (13) 0 
Emin„ E280 
Changes in the absorption of RN& of stage IV could be 
attributed to the contamination of the RES with other 
components^ possibly protein o r . c e l l wall materials 
penetrating from the older regions Q 
RE3& concentration also variedj, and appeared to decline 
from stage I to stage IV 0 The observations appeared to be 
si m i l a r to the cytological and quantitative studies 
reported i n Chapter I 0 
2„ RH8 fractionation 
Rm species of stage lff I I plus I I I and IV were 
fractionated by 206% and 7a5% polyacrylamide gel 
electrophoresiso Figures (38Hff 38L P 39) show the 
Figur© (36 
U„v, absorption spectra of extracted from 
£<, Stage I 
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UoVo absorption spectra of RHA extracted! from 
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X 10 3 0 25 20 
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The r a t i o s of Bmax and Emax of B.m which were extracted 
Emin E280 
from different stages of sporangiophore 
Emax Emax 
Emin E280 
Stage I l o 5 8 l c 9 2 
Stage I I + I I I 1=24 1=46 
Stage TV l o 3 5 l c 6 7 
= 173= 
q u a l i t a t i v e changes of both high and low molecular weight 
RM\ o extracted from t i p and basal regions of sporangio= 
phores o£ stage 10 I I plus I I I and IV „ 
During development of sporangioph®res from stage I to 
stage T10 28S and 18S rRffl quantities were found to decrease 
i n the basal region of the sporangiophores and correspondingly 
increased at the t i p region of the same sporangiophore 
see Figure (381^6^) 0 28S and 18S rRffl of the basal region 
of stage I I also showed breakdown of peaks compared with 
RMS, species of the basal region of stage I c This may 
r e f l e c t R3SB fragmentation,, Absence of a supplement of 
c e l l u l a r components from the substrate hyphae into the 
sporangiophore of stage I I i s consistent with t h i s (see 
Bergman _et a l 0 0 1969) „ since t h i s may lead to a decrease 
i n the RISK of the basal region of stage I I and also i t may 
cause RWi degradation during such a condition of starvation 
r e s u l t i n g i n autolysis,, Alternatively an increased 
content of 28S and 18S rRHA at the t i p region of stage I I 
might be due to greater synthesis of RNA during the 
sporulation stage? such increase may also be achieved at 
the expanse of the RMft content at the basal region,, 
4S and 5S: REft also showed a decrease at the basal 
region of stage I I sporangiophore„ while greater quantities 
of 4S, 5S and 5„8S RNA were seen at the t i p of stage Tl0 
Figure (SSL^C^D)„ However, the quantities of the lower 
PAGE of high molecular weight RE3A species extracted from 
segments of different stages of sporangiophore development„ 
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C o Basal region 











PAGE of low molecular RiSA species ©xtrae^ed from different 
stages 0 and fractionated by 7 „ 5 % gel© 
Stf_gg_X 
A„ Basal region B. Tip region 
i-4s Rm 
2 ~ 5 S RE®, 
3 - 5 . 8 $ RNA 
Stag® I I 
C o Basal region D o T-ip'",region 
B A 1 
i 
E 
in CO CM 




molecular species RWi of the t i p and basal regions of 
stage I I were seen to be less than those of the low 
molecular species R2®> of t i p and basal regions of stage I 
respectively,, 
A broadening of peaks of low molecular weight were 
found i n the low molecular species RN& extracted from the 
basal region of stage IV see Figure (39A) compared with 
the same species fractionated from the t i p region of 
stage IV 0 Figure (393) 0 Less quantity and highly broadening 
of 18S rRW\ species of the t i p region of stage IV sporangio-
phore was seen when compared with the same species of RKft 
from the t i p region of the same stage. Figure (39C & D ) 0 
Degradation of RE3& species at the basal region of 
stage IV could be attributed to the autolysis at starvation,, 
Increased quantities of high and low molecular weight R E 
species at the t i p region of stage IV could be attributed 
to the recovery of RWn at a location of growth extension, 
otherwise degradation of RKft species at the basal region 
of stage IV might be achieved to maintain the required l e v e l 
of RNft precursors at the t i p region of a stage IV sporangio-
phore„ 
Therefore„ the development of the sporangiophore 
appeared to be associated with overall changes i n the high 
and low molecular weight Riffi species„ Changes i n the 

PAGE of low and high molecular weight RBA extracted from 
Stage IV 
7.5% gels 
A„ Basal region 
1-4S RW 
2=5S Rm 
3=5 08S Rm 
B o T ip region 
1~4S Rm 
2- 5S Rm 
3- 5 „8S Rm 
206% gela 















PAGE o f h i g h m o l e c u l a r , w e i g h t sjasecies e x t r a c t e d 
f r o m t i p * m i d d l e ©nd b a s a l s egments d u r i n g r e g e n e r a t i o n , 
206% g e l s w e r e u s e d 
Tin 
S„ flt 2 h o u r i Bo &t 8 h o u r i 
i ~ i 8 s mm 
2-28S mm 
M i d d l e 
Co a t 2 hours D„ A t 8 house 
B a s e 


















F i g u r e (41) 
PAGE o f l o w m o l e c u l a r w e i g h t RNA s j s e e i a s .eastrsieted f r o m 
t i p * m i d d l e and b a s a l s e g m e n t s d u r i n g r e g e n e r a t i o n , , 
7„5% g e l s w e r e u s e d 
T i g 
A„ A t 2 h o u r s Be A t 8 h o u s e 
1~4S RH® 
2-5S rRE?A 
3=5 <,8S rRNA 
M i d d l e 
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q u a n t i t a t i v e f r a c t i o n ( C h a p t e r I ) c a n be a t t r i b u t e d h e r e 
t o t h e d e c r e a s e i n t h e q u a n t i t i e s o f s p e c i f i c s p e c i e s 
w h i c h may be c a u s e d b y d e g r a d a t i o n o r s t a r v a t i o n s - i n d u c e d 
a u t o l y s i s , , 
60 RK& f r a c t i o n a t i o n d u r i n g t h e r e g e n e r a ^ i g n _ o f 
s p o r a n g i o p h o r e s 
RW> was e x t r a c t e d f r o m t i p ? m i d d l e and b a s a l 
s e g m e n t s d u r i n g r e g e n e r a t i o n . , T h e e x t r a c t i o n was c a r r i e d 
o u t a t d i f f e r e n t t i m e i n t e r v a l s „ T h e s e g m e n t s w e r e e q u a l 
i n l e n g t h and c u l t u r e d on s o l i d medium* R3SS& e x t r a c t e d 
f r o m segments a t s e r o t i m e (Ofo), a f t e r c u t t i n g was u s e d 
a s a c o n t r o l o 
RKia was a l s o f r a c t i o n a t e d on 206% and 7„5% g e l s and 
u s i n g a s i m i l a r s y s t e m f o r e l e c t r o p h o r e s i s a s d e s c r i b e d 
above „ F i g u r e s ( 4 0 , 4 1 ) show o n l y t h e f r a c t i o n a t i o n s o f 
RWA e x t r a c t e d f r o m segments b e f o r e and a f t e r r e g e n e r a t i o n . , 
A f t e r 2 h o u r s o f m a n i p u l a t i o n ^ t h e r e was a b r o a d e n i n g 
o f t h e p e a k s o f h i g h and l o w m o l e c u l a r w e i g h t RE& s p e c i e s „ 
o f a l l s egments a s shown i n F i g u r e ( 4 0 A i 7 C i , E ) and i n 
F i g u r e ( 4 1 A ( ? C 1 ? E ) «, No s u c h b r o a d e n i n g was s e e n i n t h e 
f r a c t i o n o f RN& s p e c i e s o f t h e c o n t r o l „ B r o a d e n i n g o f 
t h e p e a k s i s s u g g e s t e d t o be due t o b r e a k d o w n o f t h e RHft 0 
S u c h b r e a k d o w n d e c r e a s e d f r o m t h e b a s e t o t h e t i p segment 
f r a c t i o n s and t h i s s u g g e s t e d i t may b e a t t r i b u t e d t o t h e 
F i g u r e (42] 
U „ V o a b s o r p t i o n s p e c t r a o f e x t r a c t e d d u r i n g 
r e g e n e r a t i o n s e g m e n t s 
h0 B a s a l s egments 
Bo M i d d l e s egments a f t e r 2 h o u r s 
Co T i p s egments 
Do T i p s egments a f t e r 8 h o u r s 
E„ F u l l l e n g t h s p o r a n g i o p h o r e a t 0 h o u r s 
a oo 250 300 
= 176= 
e f f e c t o f m e c h a n i c a l shock, , D u r i n g t h i s p e r i o d o f 
c u l t u r i n g f f t h e q u a n t i t i e s o f RWk showed a d e c r e a s e , and 
t h i s i s i n a g r e e m e n t w i t h t h e o b s e r v a t i o n s f o u n d i n 
C h a p t e r I where t h e i n i t i a l d e c r e a s e o f RE© c o u l d b e 
a t t r i b u t e d t o b r e a k d o w n o f RKft s p e c i e s 0 
U 0 v „ a b s o r p t i o n s p e c t r a a l s o showed c h a n g e s i n 
t h e a b s o r b a n c e compared w i t h t h e c o n t r o l . F i g u r e ( 4 2 ) „ 
A s u i t a b l e e x p l a n a t i o n f o r t h i s i s a p o s s i b l e r e l e a s e o f 
p r o t e i n d u r i n g c u t t i n g , , o r due t o a c o n t a m i n a t i o n o f 
t h e e x t r a c t a n t w i t h c e l l w a l l m a t e r i a l s „ 
A t B h o u r s o f c u l t u r i n g , t i p s e g m e n t s w e r e shown t o 
d e v e l o p s p o r a n g i o p h o r e s a t t h e c u t s i t e 0 A t t h e same time,? 
h i g h m o l e c u l a r w e i g h t RMA s p e c i e s showed l e s s b r o a d e n i n g 
compared w i t h t h e 2 h o u r s f r a c t i o n , , RKA f r a c t i o n s o f 
m i d d l e and b a s a l s egments a l s o showed a r e c o v e r y i n Ri f t 
l e v e l , w h e r e l e s s b r o a d e n i n g was s e e n * A t 8 h o u r s no 
d e v e l o p m e n t of s p o r a n g i o p h o r e s was s e e n o n t h e m i d d l e and 
b a s a l segments , , A m a x i m a l r e c o v e r y o f RW\ l e v e l was 
a c h i e v e d a t 12 and 14 h o u r s a f t e r c u l t u r i n g o f m i d d l e and 
b a s a l s egments r e s p e c t i v e l y , and f o u n d t o be a s s o c i a t e d 
w i t h t h e d e v e l o p m e n t o f s p o r a n g i o p h o r e s , s e e F i g u r e © ( 4 0 
( B , D , F ) , 4 l ( B , D 0 F ) ) o 
S u c h o b s e r v a t i o n s a r e i n a g r e e m e n t w i t h c y t o l o g i c a l 
a n d q u a n t i t a t i v e s t u d i e s r e p o r t e d i n C h a p t e r I . The 
177= 
b r e a k d o w n o f t h e RWA a l s o c a n be compared w i t h i n t e r n a l 
damage w h i c h was f o u n d a f t e r t h e c u t t i n g * b y t h e s t a i n i n g 
method* a t t h e a r e a u n d e r s t r e s s „ T h e a b s e n c e o f b r e a k -
down i n t h e RW\ p r o f i l e o f t h e c o n t r o l r e v e a l e d t h a t t h e 
i m m e d i a t e f r e e z i n g o f t h e t i s s u e i n l i q u i d n i t r o g e n may 
p r e v e n t t h e e f f e c t „ 
The a c c u m u l a t i o n o f RBJA a t t h e s i t ® o f r e g e n e r a t i o n * 
a p p e a r e d h e r e t o b e a s s o c i a t e d w i t h t h e r e c o v e r y o f RWk 
s p e c i e s „ The r e c o v e r y showed a v a r i a t i o n f r o m segment t o 
segment. , T h e t i p r e g i o n showed a q u i c k e r r e c o v e r y i n t h e 
l e v e l o f RNA s p e c i e s t h a n t h e m i d d l e and b a s e s e g m e n t s „ 
T h i s c o u l d be due t o t h e p r e s e n c e o f more c e l l u l a r com-
p o n e n t s a t t h e t i p r e g i o n compared w i t h t h e o t h e r s 0 
7<> E f f e c t o f RK& and p r o t e i n s y n t h e s i s i n h i b i t o r s 
on t h e f r a c t i o n a t e d RNA d u r i n g g r o w t h o f i s o l a t e d 
s p o r a n q i o p h o r e s 
= 1 
T h e e f f e c t o f 6 = m e t h y l p u r i n e (25 u g 0 m l ) * a c t i n o m y c i n D 
(25 u g 0 m l = 1 ) * r i f a m p i c i n (25 ugoitil^1) and c y c l o h e x i m i d e 
= 1 
(20 u g D m l ) on t h e r e c o v e r y o f RH& s p e c i e s d u r i n g t h e 
r e g e n e r a t i o n o f s p o r a n g i o p h o r e s was t e s t e d „ Methods u s e d 
f o r i s o l a t i n g and m a n i p u l a t i o n w e r e s i m i l a r t o t h o s e 
d e s c r i b e d i n C h a p t e r I c 
RKA was e x t r a c t e d a t d i f f e r e n t i n t e r v a l s d u r i n g t h e 
t r e a t m e n t s * and f r a c t i o n a t e d b y 206% and 705% g e l s sy@tera 0 
- 1 7 8 -
F r a c t i o n a t i o n o f REh e x t r a c t e d f r o m s p o r a n g i o p h o r e s 
c u l t u r e d i n w a t e r w e r e u s e d a s a c o n t r o l 0 F i g u r e s ( 4 3 0 
4 4 f f 4 5 f f 4 6 ) show h i g h and low m o l e c u l a r f r a c t i o n a t i o n o f RK& 
e x t r a c t e d a t 6 and 24 h o u r s a f t e r e u l t u r i n g , , 
A t 6 h o u r s a f t e r t h e t i m e o f commencement t h e r e was 
no i n h i b i t i o n o f g r o w t h o f s p o r a n g i o p h o r e s 0 b y any o f t h e 
i n h i b i t o r s o A d d i t i o n a l l y t h e r e w e r e no d i f f e r e n c e s i n t h e 
RNA s p e c i e s o f b o t h h i g h and low m o l e c u l a r w e i g h t c o m p a r e d 
w i t h t h e c o n t r o l a s shown i n F i g u r e s ( 4 3 ( J U B ) „ 4 4 ( A { , B ) ) 0 
A f t e r 6 h o u r s g t h e g r o w t h o f s p o r a n g i o p h o r e s c u l t u r e d 
i n 6 - m e t h y l p u r i n e and c y c l o h e x i m i d e was i n h i b i t e d „ T h i s 
was shown t o be a s s o c i a t e d w i t h t h e r e l e a s e o f f r a g m e n t s 
w h i c h a p p e a r e d as a s h o u l d e r on h i g h m o l e c u l a r w e i g h t rRNA 
s p e c i e s a s shown i n F i g u r e (43(D f f E)Jo S u c h f r a g m e n t a t i o n 
c o u l d b e due t o t h e b r e a k d o w n o f R f f l s p e c i e s a s a r e s u l t 
o f i n h i b i t o r a c t i o n , , No f r a g m e n t s w e r e s e e n i n t h e 7 „ 5 % 
g e l f r a c t i o n s * b u t b r o a d e n i n g o f 4S and 5S p e a k s and a 
l o w e r l e v e l o f 5 0 8 S RNA w e r e o b s e r v e d compared w i t h 
c o n t r o l F i g u r e s (44D„ 4 5 B ) „ A f t e r 6 h o u r s 0 t h e r e w e r e no 
d i f f e r e n c e s i n t h e f r a c t i o n s o f RNA e x t r a c t e d f r o m 
s p o r a n g i o p h o r e s t r e a t e d w i t h r i f a m p i c i n and a e t i n o m y e i n Dp 
w h e r e g r o w t h c o n t i n u e d a s f o r t h e c o n t r o l , , ' 
No i n h i b i t i o n o f g r o w t h o f s p o r a n g i o p h o r e s t r e a t e d 
w i t h r i f a m p i c i n and a c t i n o m y c i n D was s e e n a n d t h e y 
F i g u r e (43) 
PAGE o f h i g h m o l e c u l a r w e i g h t RNA s p e c i e s e x t r a c t e d 
d u r i n g g r o w t h o f i s o l a t e d s p p r a n g i o p h o r e s t r e a t e d w i t h 
i n h i b i t o r s 
C o n t r o l ( i n w a t e r ) 
ft. S t 6 h o u r s Bo A t 10 h o u r s 
1 - 1 8 S 2 - 2 8 S 
=1 
T r e a t e d w i t h 6 ° m e t T h y l p u r i n e (25 ug,,ml 
Co A t 6 h o u r s Do A t 10 houra 
- 1 
T r e a t e d w i t h r i f a m p i e i n (25 u q „ m l ) 
E„ A t 6 h o u r s F o A t 10 houre 
•1, T r e a t e d w i t h c y c l o h e x i m i d e ( 2 0 u g o m l 
Go A t 6 h o u r s Ho A t 10 houre 
1 & 3 F r a g m e n t f r o m 18S and 28S rRKA 
2 & 4 Normal f r a c t i o n o f 18S and 28S rRNA 
= 1 
T r e a t e d w i t h , a e t i n o m y e i n : D , (25 _ujgb_ml L 
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W e Ve 
PAGE o f l o w m o l e c u l a r w e i g h t RWi s p e c i e s e x t r a c t e d f r o m 
i s o l a t e d s p o r a n g i o p h o r e s t r e a t e d w i t h i n h i b i t o r s 
C o n t r o l ( i n w a t e r ) 
S „ ftt 6 h o u r s B . A t 10 houre 
B= A t 6 hours D„ A t 10 h o u r i 
T r e a t e d w i t h r i f a m p i e i n (25 u q . m l ) 
F„ A t 10 h o u r s E„ A t 6 h o u r 
= 1, 
T r e a t e d w i t h c y c l o h e x i m i d e (20 u g 0 m l ) 
Go A t 6 h o u r s 
T r e a t e d w i t h ae t iaomy<ein D (.25 
lo A t 6 h o u r s 
A t 10 h o u r s 
Jo A t 10 h o u r 
1= 4.S RNA 
2 - 5S RJ3A 












PAGE of low- mbleculsir h e i g h t RE3A sps.cies @st£.a;et@d £rom 
i s o l a t e d sporahgiopliprei. t r e a t e d w i t h i n h i b i t o r s 
Treated w i t h cycloheaimide (20 tig^m! ) 
A D At 6 hours Bo At 10 houri 
.-1. 




1 A 0 
CM 
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PAGE of high and low molecular weight RE5A species 
e x t r a c t e d from Stag® XV sporangiophores which developed 
i n actinomycin D and rifampiein„ REKV ex t r a c t e d from 
aporangiophores c u l t u r e d i n water, wa'l used as 'a c o n t r o l 
2o6%. gels 
A. High molecular weight r l f f l o f c o n t r o l 
Bo High molecular weight rRNZV of sporangiophores t r e a t e d 
w i t h r i f a m p i c i n (25 lagoml"^) showing breakdown 
C. High molecular weight rRNA of sporangiophores t r e a t e d 
w i t h actinomycin D (25 ug aml =^) showing breakdown 
lo Fragment of 18S xRm 
2„ 18S rRSJA 
3, Fragment of 28S rRBSA 
4„ 28S rREja 
7o5% gala 
D„ Low molecular weight RE3& species of c o n t r o l 
E„ Low molecular weight RWi species of s.porangiophorei 
t r e a t e d w i t h r i f a m p i c i n (25 •|*g;onjl*"30 showing l e i B ' l e v e l 
and broadening of RMA peaks 
F„ Low molecular weight RNA @pacies; o£rM^ozmngix>0iQi<Bm 
treutee! w i t h a c S i i n ^ ^ e i n D (25 \xg<,ml *-) showing less 
l e v e l and broadening of- RMh peaks 
4s nm 














reached a f i n a l stage of development ( I V ) 0 but the f i n a l 
l e n gth <c?as less than t h a t achieved by eporangiophores 
grown i n water» Such observations are also i n agreement 
w i t h t h e r e s u l t s reported i n Chapter l e At stage IV 
development (24 h ) a the RHft was e x t r a c t e d from sporangio= 
phores which were t r e a t e d w i t h r i f a m p i c i n , aetinomycin D p 
and from those used as a c o n t r o l and Figure (46) shows the 
f r a c t i o n a t i o n of high and low molecular weight R23A species „ 
As shown there was a breakdown i n the RMS species by 
release of fragments i n 2„6% gels and broadening of peaks 
i n 7„5% gels Figure (46B (c^E^F)), Such breakdown of Rm 
a f t e r stage IV development could be c o r r e l a t e d w i t h the 
decrease i n the f i n a l l e n g t h of sporangiophore since no 
such breakdown was seen i n the Rffl of control^, Figure 
(46(A,D)) 0 
However* cycloheximide and 6=methylpurine i n h i b i t e d 
the growth of stage I sporangiophores^, and t h i s was 
r e f l e c t e d i n the breakdown and impaired recovery of RHAo 
The increase i n the l e v e l of h i g h molecular weight RNA 
species 0 28S and 18S of sporangiophores which were 
t r e a t e d w i t h cycloheximide could be a t t r i b u t e d t o an 
increase i n the c o n c e n t r a t i o n of RNA synthesized but 
not u t i l i s e d f o r p r o t e i n synthesis (see/Hadholov & 
Niekolaev, 1976)„ The i n h i b i t i o n of b i o s y n t h e s i s of 
= 180= 
5 08S by cycloheximide may r e f l e c t a f u n c t i o n a l 
a c t i v i t y of cycloheximide i n h i b i t o r i n e i t h e r preventing 
the release of 5„8S rRM& or by b l o c k i n g steps i n i t s 
maturationo Since i t has been reported t h a t the 
i n i t i a t i o n e f f e c t of spore germination of Phycornyces by 
cyeloheximide could be a t t r i b u t e d t o i t s e f f e c t on the 
processes of p r o t e i n synthesis a t the t r a n s l a t i o n a l l e v e l 
and thus may i n h i b i t gome enzymes involved i n c e l l w a l l 
synthesis (Van Laere e t al„, 1976, 1977), here the 
i n h i b i t i o n of 5,8S Rim could be a f f e c t i n g the w a l l synthesis 
a t the t r a n s l a t i o n a l levelo Likewise the f a i l u r e of 
actinomycin D t o i n h i b i t the growth could be a t t r i b u t e d 
t o the f a c t t h a t the sporangiophore growth dependent on 
preformed m-RNft at the t r a n s l a t i o n a l l e v e l , and not on the 
new synthesis of mRNZ\0 since actinomycin D i s a potent 
i n h i b i t o r of m-RNft synthesis (see Karsten & Karsten,1974)„ 
= 181= 
27o ^S^^^l^B^^^^^^^^JPK^P^.jy^gTIOj^TION 
lo Cftjar^cjhejgj.gation of thj^ng ithod 
The UoVo absorption spectrum o f ribosomes e x t r a c t e d 
from stage I sporangiophores, 15=20 mm i n len g t h * and of 
1 gm f r e s h weighty i s shown i n Figure ( 4 7 ) 0 The maximum 
and minimum absorption were at 260 and 238 nm respectively,, 
The r a t i o of j?60 and 260 were given as values of l c 5 1 and 
238 ' 280 
10 76^ which are i n agreement w i t h values obtained i n 
t e s t i n g the p u r i t y of ribosomes (see K l i f f e n * 1970? 
Strangeway f f 1977)„ The average y i e l d of the ribosome was 
of the order of 1400=-1600 ug ribosomes per gm tissue„ Not 
much d i f f e r e n c e was found comparing these r a t i o s w i t h t h a t 
of mycelium (Pearson & Thomas unpublished work and 
Strangeway, 1977)„ 
2„ Polyacrylamide g e l e l e c t r o p h o r e s i s f r a c t i o n a t i o n 
Sporangiophore ribosomes were electrophoresed and 
f r a c t i o n a t e d by 2,2% polyacrylamide g el e l e c t r o p h o r e s i s 
system (see m a t e r i a l s and methods)„ F r a c t i o n a t i o n p r o f i l e s 
o f ribosomes are shown i n Figure (48 (B^D)), Up t o 8 peaks 
o f the ribosomal polymer f r a c t i o n a t i o n were observed. 
Those peaks were nomenclatured as monomer? dimer* trimer„ 
tetramerc, pentamer* hexamer , septamer and octamer. 
These peaks represent increased numbers of ribosomes 
attached t o the mRNA„ i n which the f r a c t i o n s near the t o p 
Figure (47) 
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Figure. (48) 
PAGE of polyribosomes e x t r a c t e d from stage I sporangiophores 
and f r a c t i o n a t e d on 2„2% gels 
= 1 
A & C„ Polyribosomes were t r e a t e d w i t h 10 mg„ml RNAase 
before f r a c t i o n a t i o n 
1o Monosomaa 
2„ p r o t e i n 




4 o Tetramer 
5 o Pentamer 
6„ Hskamor 
7 o Sept a me r 
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Figure (49) 
PAGE of polyribosomes e x t r a c t e d from atag© I sporangiophores 
f r a c t i o n a t e d on 2„2% and loaded w i t h d i f f e r e n t concentrations 
15 ug ribosoraes 
Bo 20 ug ribosome^ 
C„ 25 ug ribosomes 
1= Monosomes 




of the g e l can be considered as high polymers (polysomes) 
aggregation (Strangeway, 1977)„ 
15ug ribosome was found t o be a s u i t a b l e l o a d i n g 
on 2a2% gel Figure (49C) 0 since greater amount of l o a d i n g 
(20 ug and 25 jag ribosomes) showed a bad r e s o l u t i o n and 
sep a r a t i o n of ribosomes, see - Figures (49 (h 0B))o 
To c o n f i r m t h a t the presence of h i g h l y polymerised 
ribosomes were not due t o random a s s o c i a t i o n of the 
monosomes, samples of polysomes were loaded a f t e r mixing 
=1 
w i t h an equal volume of 10 mg-ml RNAase„ Normal loading 
and f r a c t i o n a t i o n were c a r r i e d out as described above 0 
Figure (48(A & C)) showed t h a t the RNAase had the a b i l i t y 
t o d i g e s t and a b o l i s h the polymers of ribosomes which 
formed the polyribosome peaks and w i t h a corresponding 
increase i n the absorption observed i n the monoribosome 
peaks o 
This i s c o n s i s t e n t w i t h the d e s t r u c t i o n of mRNA 
( L i n est alo„ 1966? Warner e t a l o * 1966? S p i r i n & 
Gavrilova,1969) which released ribosoraes from polysomes. 
Presence of greater absorbance a t the f r o n t of the g e l 
which can be seen i n Figure (48{haC)) may represent 
ribosomal p r o t e i n c 
3 o1 Ribosomes c h a r a c t e r i z a t i o n i n the sporangiophore 
Concerning the d i s t r i b u t i o n of c e l l u l a r components 
along the sporangiophore of stage l0 ribosomes were al s o 
•=183 
e x t r a c t e d from t i p , middle and basal segments of stage l„ 
They were equal i n length (5 mm each) and i n f r e s h weight 
(1 gm) o The u„v<, absorbance spectra were shown t o be 
s i m i l a r as those i n Figure (47)„ The maxima and minima 
absorbance were a t 260 and 238 nm r e s p e c t i v e l y c The 
r a t i o of E260 and E260 are shown i n Table (14)„ 
E238 E280 
A greater r a t i o of 260 of ribosomes e x t r a c t e d from t i p 
280 
segments could be a t t r i b u t e d t o a higher p u r i t y of the 
ribosomeso A possi b l e contamination w i t h p r o t e i n or w i t h 
c e l l w a l l m a t e r i a l s i n d i c a t e d i n the E260 values of 
E238 
ribosomes of the basal segments may also e x p l a i n the 
v a r i a t i o n i n ratios„ Another p o s s i b i l i t y i s t h a t the 
ribosomes of the basal segments are senesceneed wh i l e 
more a c t i v e ribosomes are i n the t i p segments 0 The y i e l d s 
of ribosomes from t i p , middle and basal segments are 
shown i n Table (15)„ h greater y i e l d of ribosomes from the 
t i p segments of sporangiophores might i n d i c a t e the 
s p e c i f i c i t y of accumulation of ribosomes at pa r t s of high 
metabolic a c t i v i t y , , 
3„2 Ribosome f r a c t i o n a t i o n 
2 06% gels were loaded w i t h 15 ug of ribosomes from 
the t i p , middle and basal segments,, Gels were electrophoresed 
and scanned as described above„ Five t o e i g h t peaks of 
PAGE or pqiyribosomes e x t r a c t e d from t i p * middle and 
basal segments of stage I sporangiophores and 
f r a c t i o n a t e d by 2„2% gels 




4 o Tetramer 
5„ Pentamer 
6 0 Hexamer 
7„ Septamer 
8 o Oetamer 
Bo MigdlQ 





Table ( 1 4 ) 
The r a t i o s of E 2 6 0 and E 2 6 0 of ribosomes e x t r a c t e d from 
E 2 3 8 E 2 8 0 
t i p ? middle and basal segments 
E 2 6 0 E 2 6 0 
E 2 3 8 E 2 8 0 
T i p 1 0 3 l o 8 
Middle l o 2 1 „ 8 5 
Base 1 . 2 8 1 0 6 6 
T a b l e _ J 1 5 ) . 
The y i e l d s of ribosomes from tip„ middle and basal 
segments 
= 1 
Segments Y i e l d of ribosomes ngogm 
f r e s h weight sporangiophores 
T i p 7 3 4 
Middle 3 4 3 Base 2 9 8 
= 184-
ribosomal aggregates were r e g u l a r l y seen;, Figure (54(A f lB,C))o 
These were taken t o represent i n c r e a s i n g numbers of 
ribosomes attached t o strands of m~RN& (Pearson? 1969)<, 
Generally the peak e x h i b i t i n g the g r e a t e s t u«,v0 
absorption has been designated as the monoribosome 
f r a c t i o n w i t h remaining peaks being successive polyribosome 
f r a c t i o n s , Hexamers and septamers and sometimes octamers 
were the most abundant aggregates i n the p r o f i l e s of 
ribosomes of the t i p segments. Figure (51 C ) 0 Increased 
aggregation of the ribosomes i n the t i p segments 
i n d i c a t e d the possible presence of the more m~RNA 
which might be a t t r i b u t e d t o the higher metabolic a c t i v i t y 
of the t i p r e g i o n of sporangiophore i n s y n t h e s i z i n g p r o t e i n 
f o r enzyme and w a l l p r o d u c t i o n A d d i t i o n a l l y the presence 
of a greater f r a c t i o n of rRNA s p e c i f i c f o r the t i p segments 
(see above) could be a t t r i b u t e d here t o the greater 
c o n c e n t r a t i o n of polyribosomes„ 
4 0 Ribosomes and regeneration 
During the regeneration of sporangiophores, RN& and 
p r o t e i n were seen t o be accumulated a t the s i t e of 
production of new w a l l . Such accumulation was shown t o 
be associated w i t h the recovery o f RNA components (see 
q u a l i t a t i v e study of RNA)„ A l t e r n a t i v e l y ribosomes were 
also e x t r a c t e d and f r a c t i o n a t e d d u r i n g r e g e n e r a t i o n of 
Figure ( 5 1 ) 
PAGE of polyribosomes e x t r a c t e d from sporangiophores cut 
i n t o t i p * , -middie and basal segments and from i n t a c t 
sporangiophoreg d u r i n g regeneration,, 2 = 2 % gels were used, 
T i 
A„ 2 hours B o 8 hours 1 2 hours 
1 . Monomer 
2 „ Dimer 
3 0 Trimer 
4 „ Tetramer 
5 a Pentamer 
6 0 Hexamer 
7 „ Saptsmer 
Middle 
D„ 2 hours 1 2 hour® 
Bsii® 
F» 2 hours G o 1 2 houri 
F u l l 1ength s-pOr'anq ipjjhore 



















CM U 1 < 1 
V© 
= 185 
segments B using the methods described above,, 
lo C h a r a c t e r i z a t i o n of ribospmes 
The ribosomes were e x t r a c t e d from the tip,? middle and 
basal segments a t d i f f e r e n t i n t e r v a l s of time a f t e r 
c u l t u r i n g and regeneration. Methods f o r manipulating and 
c u l t u r i n g were s i m i l a r t o those described p r e v i o u s l y , 
UoV, absorp t i o n spectra of the ribosomes e x t r a c t e d from 
segments during the f i r s t hours of c u l t u r i n g (2 hours) 
showed a s h i f t i n the absorbance? compared w i t h t h a t 
measured a t zero time. Such changes 0 which were found 
i n i t i a l l y a t 2 hours a f t e r c u l t u r i n g could be a t t r i b u t e d 
t o a possible contamination w i t h some components released 
during the e x t r a c t i o n of ribosomes which might be p r o t e i n 
or c e l l w a l l m a t e r i a l s . Such a s h i f t which may p o s s i b l y 
be a t t r i b u t e d t o contamination w i t h p r o t e i n can be used 
as evidence t o support the i n i t i a l increase of p r o t e i n 
at the f i r s t hours of c u l t u r i n g of segments duri n g 
r e g e n e r a t i o n (see Chapter I ) , 
The r a t i o s of Emax and Emax o f the u„v, absorption 
Emin E280 
spectra of ribosomes from segments a t successive i n t e r v a l s 
are shown i n Table (16) , Absorbances recovered t o normal 
values f o r the t i p ? middle and basal segments a t 60 12 and 
14 hours r e s p e c t i v e l y . Average y i e l d s of ribosomes of 
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eguation where OD - OD = 11 = 1,0 nig, ml ribosomes 
tissue„ Values of c o n c e n t r a t i o n are shown i n Table (1 7 ) . 
As shown the recovery of normal concentrations of 
ribosomes of d i f f e r e n t segments were achieved a t d i f f e r e n t 
times a f t e r c u t t i n g and c u l t u r i n g . The normal concentrations 
of ribosomes of d i f f e r e n t segments, a f t e r recovery were 
shown t o be n e a r l y a t the same l e v e l of c o n c e n t r a t i o n of 
ribosomes e x t r a c t e d a t Oh of each segment. Reaching a 
normal c o n c e n t r a t i o n of ribosomes appeared t o be associated 
w i t h the recovery of normal u„v. absor p t i o n spectra„ 
Recovery of ribosomes of t i p segments showed t o reach 
t o a normal c o n d i t i o n a t less time compared w i t h the 
recovery of ribosomal c o n c e n t r a t i o n of middle and basal 
segments. Such observations are al s o i n agreement w i t h 
the c y t o l o g i c a l and q u a n t i t a t i v e f r a c t i o n studies of 
tnaeromolecules i n Chapter I and a l s o appeared t o be 
c o r r e l a t e d w i t h the recovery of RN& components of d i f f e r e n t 
regions (see RNA study)„ The i n i t i a t i o n of re g e n e r a t i o n 
and development of sporangiophore segments were seen t o be 
achieved a t the times of ribosomal and RNA recovery„ where 
6-8 hours were found f o r the t i p segments and 12 and 14 
hours were found f o r b o t h middle and basal segments 
r e s p e c t i v e l y . 
Concentration of ribosomes 
durin g the regeneration 
Oh 2h 
1100 738 
T i p 821 696 
879 542 
345 300 
Middle 463 380 
540 468 
298 198 
Base 362 248 
499 398 
ng 0gm f r e s h weight t i s s u e 
4h 8h 12h 
843 1210 940 
919 981 865 
114 1101 710 
487 410 400 
561 390 310 
640 351 210 
256 385 319 
364 489 308 
481 597 398 
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2 0 R j ^ s o m a l f r a c t i o n a t i o n during r e g e n e r a t i o n 
Physical c h a r a c t e r i z a t i o n of the ribosomes d u r i n g the 
regeneration of the t i p , middle and basal segments B were 
i n v e s t i g a t e d using a 2 D2% PAGE system,? as described above 0 
Figure (51) shows the sequence recovery of the poly-
ribosomal f r a c t i o n s during the regeneration,, At the 
i n i t i a l 1 t o 2 hour i n t e r v a l there was a loss of the high 
polymers of ribosoraes f o r a l l of the segments,Figure 
(SlCA^D & F))„ but the l e v e l of polyribosome of t i p 
segments was higher than those found f o r the middle and 
basal segments„ A loss of polymers of ribosomes of the 
t i p r e g i o n segments was seen t o be associated w i t h an 
increase i n the absorption of the monosome peak? 
At 8 hours a f t e r c u l t u r i n g ? the recovery of the l e v e l s 
of ribosomal polymers was found t o be greater i n the t i p 
segments„ Figure (51C)„ compared w i t h those f o r middle 
segments,Figure (51E), and w i t h those f o r basal segments^ 
Figure (5lG)„ Up t o s i x polymers s e r i e s were observed 
from the f r a c t i o n a t i o n of the t i p segments and recognized 
as dimer* t r i m e r , tetramer, pentamer B hexamer and septamer,, 
w h i l e four t o f i v e polymerized ribosomes were seen i n the 
f r a c t i o n s of middle and basal segments Figure (51tE„G))o 
Thus a greater recovery of h i g h polymerized ribosomes 
from the t i p segments could be c o r r e l a t e d w i t h the quicker 
188-
r e g e n e r a t i o n and higher metabolic a c t i v i t y of t h i s r e g i o n , 
compared w i t h t h a t of the middle and basal segments, 
Ribosomes of the i n t a c t sporangiophore were also 
f r a c t i o n a t e d during regeneration and showed subsequent 
recovery of high polymerized ribosomes a t 6 hours dur i n g 
i n c u b a t i o n , see Figure (51(H & I ) ) , The recovery of the 
hexamer of the t i p segments was fol l o w e d by the for m a t i o n 
of septamer and octamer on i t s ©holder near the front" 
of the g e l . This could be a t t r i b u t e d t o the f o r m a t i o n 
of the r e q u i r e d a c t i v e polyribosomes„ Consistent w i t h 
t h i s observation w i t h RNft changes where the l e v e l of t-RNft 
and r=RNft increased. Recovery of the p h y s i c a l c h a r a c t e r i s t i c s 
o f the ribosomes might be c o r r e l a t e d w i t h the presence of 
a c t i v e m-RNa as suggested by Srivastava (1968) and 
P h i l l i p s e t a l . , (1969), 
The a s s o c i a t i o n between regeneration and the maximum 
recovery of polyribosomes could also be used as an 
evidence f o r the recovery of p r o t e i n synthesis associated 
w i t h w a l l extension. This was also i n d i c a t e d by the 
accumulation of the c e l l u l a r components at the s i t e of 
w a l l h e a l i n g and regeneration as found from c y t o l o g i c a l 
examination and by q u a n t i t a t i v e e x t r a c t i o n . 
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5 0 E£fegt^of1 Rjffii _and_protein , s j m t h e s i s _ i r i h i b i t o r s on 
the recovery of ribosomes during growth of 
i s o l a t e d sporanqj.gjghores 
Ribosomes were e x t r a c t e d from sporangiophores a f t e r 
= 1 
24 hours of c u l t u r i n g i n cycloheximide (20 ug„ml ) 
-1 - 1 6-methylpurine (25 ug,ml )? r i f a m p i c i n (25 ng 0ml ) 
and actinomycin D (25 ng,ml ^), hs shown i n Figure (52) 
there was a loss i n the polymers of ribosomes of sporangio= 
phores t r e a t e d w i t h cycloheximide? Figure (52A) and w i t h 
6=methylpurine,Figure (52B), Corresponding increases i n 
the absorbance of monosome peaks a l s o can be seen. 
Broadening of the monosome peaks may i n d i c a t e an abnormal 
c o n d i t i o n of ribosomes from sporangiophores t r e a t e d w i t h 
cycloheximide and 6-methyipurine 0 Thus the i n h i b i t i o n of 
growth of sporangiophores could be a t t r i b u t e d t o the 
i n h i b i t i o n of polyribosome recovery and t o the abnormal 
c o n d i t i o n of ribosomes? where continuous synthesis of 
p r o t e i n a t the t r a n s l a t i o n a l l e v e l would be impaired, 
Ribosomal f r a c t i o n s of sporangiophores t r e a t e d w i t h 
r i f a m p i c i n ? Figure (52c) and w i t h actinomycin D? 
Figure (52D)? showed also a loss of the polymers a t 24 
hours but less than t h a t described above f o r cycloheximide 
and 6=methy1purine. 
There was no i n h i b i t i o n of spore f o r m a t i o n by 
actinomycin D and r i f a m p i c i n w h i l e no spore f o r m a t i o n was 
Eiquge (52) 
PAGE of$ ribosomea e x t r a c t e d a f t e r 24 housg of growth of 
i i b l a t o d oporangiophores i n 
A„ eyeloheximid© (20 ug.ml ) 
= 1 
B. 6-m©thylpurin<a (25 ug.ral ) 
_1 
C. r i f a m p i e i n (25 ug„ml ) 
-1 
D. actinomycin D (25 ug.ml ) 
2,2% gels aystara were used 
A B 
to CD CM 
+ v © V® 
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achieved by sporangiophores t r e a t e d w i t h cycloheximide 
and 6-methylpurine„ since the growth was i n h i b i t e d a f t e r 
6 hours from the beginning of the treatment„ 
Therefore B i t was suggested t h a t the decrease i n 
the f i n a l length of stage IV of sporangiophores t r e a t e d 
w i t h actinomycin D and r i f a m p i c i n could be due t o the 
loss of the polymers of ribosomes a f t e r spore formation,, 
I n t h i s case the growth of the stage I sporangiophore and 
spore formation might be dependent on the polysomal 
a c t i v i t y w i t h preformed mRNA„ These observations also 
support the previous r e s u l t s reported i n the RNA section,, 
6„ RMA e x t r a c t i o n from ribosomes 
The method described by Strangeway (1977) was 
employed her e 0 I t was chosen because RNA can be separated 
w i t h o u t an alco h o l p r e c i p i t a t i o n step, w i t h the r e s u l t 
t h a t the conservation of m a t e r i a l should be higher„ and 
thus t h i s was of advantage when only a small sample was 
available„ 30 ug and 60 ug ribosomes were loaded onto 
2 06% and 7„5% gels r e s p e c t i v e l y 0 S i m i l a r procedures f o r 
e l e c t r o p h o r e s i s and f r a c t i o n a t i o n were used as f o r phenol-
detergent prepared RNA were a l s o employed„ Figure (53) 
showed the f r a c t i o n a t e d species of RNft from ribosomes 
of the t i p ? middle and base segments„ The r e s u l t s 
obtained were i n c o n s i s t e n t and breakdown of the major 
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18S rRM f r a c t i o n s f r e q u e n t l y occurred 0 This may be 
a t t r i b u t e d t o ihe e x t r a c t i o n method., Ribosome associated 
ribonuclease a c t i v i t y (Strangeway f f 1977) may be p a r t l y 
responsible f o r t h i s breakdown? which was not evident 
when phenol-detergent media were usedo SDS however has 
been reported as being a m i l d nuclease i n h i b i t o r (Poulson^ 
1973)o Also phenol-detergent media w i t h h i g h s a l t b u f f e r 
may confer some s t r u c t u r a l s t a b i l i t y on the RNft molecules„ 
S i m i l a r observations were als o obtained from a f u l l 
l e n g t h sporangiophore, Figure (54A„B)0 
7„5% PAGE showed greater l e v e l s of 5S and 5„85S RNA 
of t i p segments compared w i t h the other segment„ This 
may be a t t r i b u t e d t o high y i e l d of ribosomes„ 
f i g u r e ( 5 3 ) 
PAGE of h i g h and low molecular weight RE® species 
extracted, from polyribosomes i n t'ip t f middle and basal 
segments., 
Aa 2 o 6 % i g e l 
l o Unknown component 
2 0 1 8 S z&m 
39 2 8 S rRE^ 
B o 2 ^ g % j g g l 
l o End o f the g e l 
2 c I o n f r o n t 
3 0 Nucleotides 
4 . 4 S R f f l 
5 . 5 S R N & 
Middle 
C o 2 o 6 % g e l 
l o Unknown species (as above) 
2 0 1 8 S rRE® 
3 C 2 8 S mm 
l o nucleotides 
2 0 4 S 
3 o 53 
Base 
E o 2 o 6 % 
l o Unknown species (see abov'igr) 
2 0 1 9 S rRSSV 
3 0 2 8 S rRim 
P o 7^5% 
l o I o n f r o n t 
2 0 nucleotides^ 
3 o 4 S 











PAGE of high and low molecular weight species 
e x t r a c t e d from polyribosomes o f f u l l l e n g t h 
s por a ng i©ph or es 
A* 2,.6% g e l 
1= 18S rRIffl 
2 a 28S rXUSA 
B- 7 „5% g e l 
l o I o n f r o n t 
2 o nucleotides 
3 0 4 S 
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2 8 o . r o O T O P I A S T S _ R K a 
1 „ Chara c t e r i s a t i o n of _the^method 
I n a d d i t i o n t o the q u a n t i t a t i v e studies of RNA from 
p r o t o p l a s t , they were also manipulated f o r e x t r a c t i o n and 
f r a c t i o n a t i o n of RNA species„ 
RNA was e x t r a c t e d by the phenol-detergent method as 
described p r e v i o u s l y 0 I s o l a t e d and s t a b i l i z e d p r o t o p l a s t s 
of stage I sporangiophores ( 1 gm f r e s h weight) were washed 
i n 0 o 0 5 M phosphate b u f f e r pH 6 0 5 before e x t r a c t i o n A 
u„v„ absorption spectrum of the RNA i s shown i n Figure ( 5 5 ) „ 
The maximum and minimum absorption were 2 6 0 and 2 4 0 nm 
r e s p e c t i v e l y . E 2 6 0 and E 2 6 0 r a t i o s were 1 „ 2 8 and 1 = 5 2 
E 2 4 0 E 2 8 0 
respectively,, The average y i e l d of the RNA was 3 6 3 jag 
RNA per gm sporangiophore f r e s h w e i g h t 0 
As shown there was l i t t l e d i f f e r e n c e i n the r a t i o s 
and u 0 v 0 absorption spectra* compared w i t h an e x t r a c t from 
an i n t a c t sporangiophore„ see Figure ( 4 7 ) „ Also the lower 
c o n c e n t r a t i o n of the t o t a l RNft of the p r o t o p l a s t s could be 
a t t r i b u t e d t o the mechanical shock duri n g t h e i r i s o l a t i o n , , 
A d d i t i o n of the T r i t o n X = » 1 0 0 t o lyse the p r o t o p l a s t s 
before RN& e x t r a c t i o n was used f o r a complete b u r s t i n g and 
thus a l l of the RNA should be extracted„ I n t h i s case 
most of the contents of the membrane-bound organelles were 
U o V o absorption spectrum o£ R H A e x t r a c t e d from p r o t o p l a s t s 
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releasedo No d i f f e r e n c e s were found between the homo= 
g e n i z a t i o n e x t r a c t i o n method and T r i t o n X-100 lysed proto= 
p l a s t method used here c This i n d i c a t e d no damage by e i t h e r 
method and was comparable w i t h i n t a c t sporangiophore RNA, 
see Figure (57)«, 
2„ Polyacrylamide g e l e l e c t r o p h o r e s i s 
206% and 705% polyacrylamide gel e l e c t r o p h o r e s i s 
systems were used i n f r a c t i o n a t i n g the RN& species from 
protoplasts,, Samples of 15 ug and 30 ug RNA were loaded 
onto 2 06% and 7„5% gels respectively,, 
F r a c t i o n a t i o n s on 2,6% and 7»5% gels are shown i n 
Figure (56)„ Peaks were obtained„ as f o r i n t a c t 
sparangiophores w i t h no s e l e c t i v e breakdown or damage 
apparent,, 5„8S RNA was also present on 7„5% gels loaded 
w i t h RNA h e a t - t r e a t e d a t 60°C f o r 8 minutes,see Figure (56C)„ 
3„1 RNA c h a r a c t e r i z a t i o n d u r i n g regeneratxon of 
r o t o p l a s t s 
RNA was e x t r a c t e d from p r o t o p l a s t s i s o l a t e d from t i p , 
middle and basal segments„ The u 0 v 0 a b s o r p t i o n spectra 
of the r a t i o s of Emax and Emax absorption were obtained, 
Emin E280 
Table (l8)o 
On i n c u b a t i o n , the p r o t o p l a s t regenerated hyphae; 
Q0 12 and 14 hours were r e q u i r e d f o r r e g e n e r a t i o n of 
those e x t r a c t e d from the t i p , middle and base r e s p e c t i v e l y 0 
PAGE of high and low molecular weight RN& species 0 
e x t r a c t e d from p r o t o p l a s t s released from Stage I 
s porang iophore 
A„ 2 c 6 % g e l 
l o 18S zRm 
2 0 28S rRSJA 
3 Q Dm 
7a5% gels 
B o Non=heat t r e a t e d RNB 
C o Heat-treated RNA 
l o i o n f r o n t 
2 o nucleotides 
3 o 4S RK& 
4 0 5S xMV 
S o 5.08s ® R i i m 
c 
it) CO CM 
4 
PAGE of rRNA e x t r a c t e d from p r o t o p l a s t s 
A 0 2 o 6 % gels C . 7 0 5 % gals 
l o 1 3 S 1 „ i o n f r o n t 
2 . 2 8 S 2 0 nucleotide! 
3 0 DWi 3 0 4 S REA ^  
4 „ 5 S rjREA , X 
5 o 5 o 8 S . rRNA ' 
PAGE O F rRlA e x t r a c t e d fsom i n t a c t sposangiophoras 
B o 2?°6% gels D o 7 o 5 % ^ g g l ^ 
1 0 1 8 S rRD® l o I o n f r o n t 
2 0 2 8 S rRNA 2 » nucleoside's 
3 0 4 S Rm 
4 0 ss mm 














4V e a 
C h a r a c t e r i s t i c s of ribosomes 
of p r o t o p l a s t s 
Before regeneration 
Pr otoplas t s o f Emax 
Emin 
T i p 0o8 
Middle loO 
Base loO 
A f t e r r e generation 
P r o t o p l a s t s of Emax 
Emin 
T i p lo22 
Middle 1 03 
Base lo3 
ore and a f t e r r e g e n e r a t i o n 
Emax Average y i e l d 
E280 ugogm"^ 
1„2 310 
0 o95 120 
1.4. 190 
Emax Average y i e l d 
E280 ng.gm"1 
1 085 651 
lo65 330 
1 065 410 
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These time i n t e r v a l s were of the same order as f o r 
regeneration of s i m i l a r segments of sporangiophores„ 
S i m i l a r times were r e q u i r e d t o o b t a i n a maximal 
accumulation of Rim (see Table 16„ a f t e r regeneration) 
and other c e l l u l a r components during i n i t i a t i o n of 
regeneration (see Chapter I ) . 
3„2 RNfl F r a c t i o n a t i o n 
RNA from the regenerated p r o t o p l a s t s of the t i p , 
middle and base segments were f r a c t i o n a t e d on 2„6% and 
7„5% g e l S o F r a c t i o n a t i o n s at d i f f e r e n t i n t e r v a l s were 
obtained but Figures (58 and 59) show only the 
f r a c t i o n a t i o n s of RNft e x t r a c t e d from p r o t o p l a s t s of each 
segment a t 2 and 10 hours. 
As shown,, broadening peaks of both the high and low 
molecular weight RHA f r a c t i o n were more abundant duri n g 
the i n i t i a l p e r iod of p r o t o p l a s t incubation,, see 
Figures (58A^C^E) B 59(A„C„E)). This may be due t o some 
breakdown of RMA species dur i n g i s o l a t i o n and manipulation., 
Breakdown products p e r s i s t e d longer i n the regeneration 
of p r o t o p l a s t s compared w i t h the i n t a c t segment? even 
so the t i p p r o t o p l a s t s showed f a s t e r recovery* The 
degradation was observed t o be on the t o t a l RN£ r a t h e r 
than on a d e f i n i t e species„ S i m i l a r observations were 
seen duri n g the regeneration of the i n t a c t regions (see 
above)„ 
PAGE of hi g h molecular weight RNft species <^ trsiet©cil 
du r i n g regeneration of p r o t o p l a s t s o.^  t i p 0 middle a 
ba s a l segments D R l l was f r a c t i o n a t e d by 2 C 6 5 6 g©la 
Tip 
L 2 hours B o 1 0 housa 
l o 1 8 S r R p 
2 0 2 8 S rRE3& 
Middle 
C o 2 hours D o 1 0 hours 
B a j a l 
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PAGE of low molecular weight RN& species extracted 
during regeneration of protoplasts of t i p p middle and 
basal segments0 RK& were fractionated by 7 aS% gels 
;gipjprotoplas tig 
h0 2 hours 
Middle p^o^oglasts 
Go 2 hours 
Basal protoplasts 
E„ 2 hours 
B0 10 hours 
Do 10 hours 
Fo 10 hours 
l o Nucleotides 
2o 4S 'RHA 
3 0 5S nm 














h good resolution of the t i p protoplast REE^  was 
achieved at 10 hours while at the same time a lower l e v e l 
of resolution was obtained for the middle and basal 
segment R3^s0 The degree of recovery of RKEA species 
a ppaared t o be associated with pre-existing metabolic 
a c t i v i t y and was also found t o be associated with the 
d i s t r i b u t i o n of c e l l u l a r components along the sporangiophore 
(see Chapter I)„ 
5o8S0 5S and 4S RW\ were obtained simultaneously 
during the recovery and regeneration? see Figure (59 (B„DffF)) 
This indicates that ribosomes recovery i s associated with 
tRHA recovery,, The recovery of high and low molecular 
weight RN& were also found during the incubation and 
regeneration of protoplasts isolated from i n t a c t sporangio-
phores,see Figure (60) of stage I„ I t has been observed 
t h a t the i n i t i a t i o n of the regeneration process proceeded 
with normal recovery of both high and low molecular weight 
species of REha These observations were also made during 
the regeneration of i n t a c t sporangiophore segments. 
The degree of RNA recovery was also dependent on the 
environmental conditions 0 Acceleration of the recovery 
of RNft level was demonstrated during the incubation of 
the protoplasts on an agar medium (aerobic c u l t i v a t i o n ) 
a f t e r 1-2 hours pre-incubation i n a shallow l i q u i d medium,, 
PAGE of eggeies ©sstraatsd during r©gsnatation oS 
pr©t©jpla®.£& raleaaad from f u l l length of Stage I 
iporangidghor^a 
2u6% gels 
h0 2 hours Bo 10 hours 
1. i 8 s mm 
2o 28S xRm 
7o5%^gel^ 
Co 2 hours 
l o Nucleotides 
2o 4S %m 
3 0 5S mm 



















Prolonged incubation of protoplasts submerged i n the l i q u i d 
medium were associated with abnormal f r a c t i o n a t i o n p r o f i l e s 
and less recovery of RIB Figure (61)„ This could confirm 
the protoplasts behaviour found by c y t o l o g i c a l studies 
(see Chapter I I ) , 
I t was suggested that w a l l synthesis seemed t o be 
associated with the a c t i v i t y of RW\ and protein synthesis 0 
Since RNA and protein were synthesized at the same time 
(see review by Bramble et al„( 1978) thus the protoplast 
regeneration and development appeared to be s i m i l a r t o 
that of spores during growth and development, 
4„ EffectofRBiA and protein synthesis i n h i b i t o r s 
6-methylpurine (25 ng„ml )„ actinomycin D (25 ug 0ml ) 
and cycloheximide (10 ng 0ml = 1) were used as potent 
i n h i b i t o r s of RNA and protein synthesis (see page 100) 
The methods of manipulating and c u l t u r i n g were s i m i l a r 
t o those described i n Chapter I I , Total protoplasts 
isolated from f u l l length stage I sporangiophores were 
used. 
Figure (62) shows the e f f e c t of 6=methylpurine f f 
Figure (62 a and b)„ actinomycin D (c and d) and 
cycloheximide (e and f ) on the RMA species of protoplasts„ 
at * time of 6 and 24 hours respectively from the s t a r t 
on the R.Wi f r a c t i i n s xs ions from the regenerated 
s 
Figure (61) 
PAGE of RNA species extracted a f t e r 24 hours of 
regeneration of protoplasts^ released from a f u l l length 
sporangic 
Ac Non~aerated protoplasts 
l o 18S zRm 
2o 28S mm 
3 0 mm 
Bo Aerated protoplasts 
l o 18S rRKA 
2 0 28S xRm 
3o Dm 
7o5% gels 
Co Hon~aerated protoplasts 
Do Aerated protoplasts 
1o Ion f r o n t 
2„ Nucleotides 
3 D 4S $m 
4c 5S rRNA 
A 
t 









of regeneration, As shown there was a breakdown of the 
28S and 18S rRNA species which were extracted from 
protoplasts treated with 6-methylpurine and eycloheximide. 
Greater breakdown of RNA from protoplasts treated with 
cycloheximide can be seen at 24 hours, 
No consistant pattern of breakdown was found f o r the 
low molecular weight RNA fractions under any of the 
a n t i b i o t i c s treatment. Figure (62 (g,?h<, k and 1)), 
Breakdown of the high molecular weight RNA species 
following treatment with 6-methylpurine and cycloheximide 
at 6 hours could be a t t r i b u t e d to the i n h i b i t i o n of 
regeneration of protoplasts a f t e r that period. Likewise 
the reduction i n the f i n a l length of the regenerated 
sporangiophores from the protoplasts treated with 
actinomycin D could be a t t r i b u t e d to the a n t i b i o t i c s 
l a t e r e f f e c t on the RNA species. 
PAGE of RWi spaaies extracted during regeneration ©2 
protoplasts which were treated with and protein 
synthesis i n h i b i t o r s 
^ r j ^ j ^ l p u r i n e (25 ug 0ml ) 
2o6% qalm 7*5% mis 
s 0 6' hours g 0 6 hours 
bo 24 hours h 0 24 hours 
=1 
Actjaognyeii^j) (25 pg 0ml ) 
2 0 6 % qela 7 P 5 % gels 
©o 6 hours i 0 6 hours 
do 24 h©usp j 0 24 hour! 
•=1 
C^lohesMid© (20 ng Dml ) 
Q 0 6 hours k 0 6 
fo 24 hour© 1 0 24 hours 
1- las mm 
2- 28s mm 





2 C d 1 
1 LJJL J ^—u\ 














29 0 EROTOPIASTLjjBOS^gS 
l o UoVo characterzation 
The U o V 0 absorption spectrum of ribosomes of proto-
plasts isolated from stage I sporangiophore i s shown i n 
Figure (63) a The maximum and minimum absorption wave-
lengths were 260 nm and 238 nm respectively 0 The r a t i o s 
of Emax and Emax were 1028 and 1 052 respectively 0 The 
Emin E280 
average y i e l d of ribosomes was 620 ug per gm fresh weight 
of the sporangiophoreSo As shownff there was l i t t l e 
difference between the ribosomal characteristics from 
sporangiophores and protoplasts» The d i f f e r e n c e was only 
found i n the t o t a l concentration of ribosomes which being 
less i n the protoplast may be a t t r i b u t e d t o mechanical 
shocko 
2 0 Polyacrylamide gel electrophoresis 
Protoplast ribosomes were fractionated on 2»2% gels, 
the f r a c t i o n p r o f i l e i s shown i n Figure (64)„ As shown, 
a lower l e v e l of polymerized ribosomes can be seen for 
protoplast compared with those found i n the i n t a c t sporangio-
phore Figure (48) 0 A series of monosome to pentamer 
polymers can be seen i n the protoplasts fraction,Figure (64A) 0 
Mechanical shock could have contributed t o such loss of the 
high polymers of ribosomes„ The presence of high polymers 
was tested by adding 10 mg°ml RNAase which digested the 
Figure (63) 









high l y polymerized ribosomes and correspondingly increased 
the absorbance of monosome peak as shown i n Figure (6^ B)„ 
Rffl was also extracted from ribosomes of protoplasts 
and gave 28S0 18S for high molecular weight REA species 
and 5o8S0 5S and 4S low molecular weight Rlffl species, 
Figure (65) „ This i s similar t o the s i t u a t i o n found i n 
an i n t a c t sporangiophore as seen above0 
2,jl Ribosomes and regeneration of protoplasts 
Protoplasts isolated from i n t a c t stage I sporangiophores 
were cultured using the method described f o r protoplasts 
regeneration i n the RNA section (see above)„ 
From the u„v<, absorption spectrum of the ribosomes 
extracted at 2 hours„ the r a t i o s between Emax and Emax 
Emin E280 
were l o 0 3 and l o 0 2 respectively* The average y i e l d of 
ribosomes w©s 272 ug per gm t i s s u e 0 After 8 hours of 
c u l t u r i n g the r a t i o s of Emax and Emax were 1„29 and 1 Q68 
Emin E280 
respectively,, The average y i e l d of ribosomes was 890 
-1 ugQgm 
The lower values of the r a t i o s at the f i r s t 2 hours 
could be a t t r i b u t e d t o a possible contamination with 
extraneous substances and also possibly due to an 
extension of the mechanical e f f e c t 0 The recovery of the 
ribosomes absorbance and concentration was seen t o be 
associated with the i n i t i a t i o n ©£ regeneration,, Such 
——; — — - • — n y 
P&GE of polyribosomes extracted f r 6 m protoplasts of 
sporangiopliores and fractionated by 2 <, 2% gels 
A0 Normal f r a c t i o n a t i o n 
Bo Fractionation shows polyribosomes a f t e r 
addition of 10 mgoml Risaase 
1- Monosomes 
A 




P&GE of rRB& extracted fx dan gtolyribp^omes of protoplasts 
by the SDS method „ Ri® were f£aeti©hateti by 2*6% atid 7„5% 
gels 
fl, 2„6% gels 
L 18S 
2 a 28S 
7„5% gels 
Bo Non=heated treated RKft 
L 4S rR£m 
2 Q 5S rR55Sa 
C, Heat-treated RKa 
i„ 4s mm 
2 Q 5S rRi© 
3 0 S.BS rRKa 
9A r n 
9 0 
to IW 01 
V 
=200. 
recovery resembled that found f o r the RNA species during 
the regeneration of protoplasts„ 
The recovery of ribosomes was seen t o be dependent 
on the media used f o r regeneration* since the media with 
l i m i t e d aerobic condition gave poor regeneration,, Like-
wise t h i s was found to impair the recovery of ribosomal 
concentration* see f o r other l i v i n g systems (Lin et a l 0 0 
1967; Harvey,1973? Mirkes,1974? Roheim et aJU, 1974) . 
Using 2o2% gel electrophoresis system ribosomes from 
protoplasts which were pre-incubated i n a shallow layer of 
l i q u i d medium and then on s o l i d media gave a greater l e v e l 
of polymers of ribosomes,Figure (66), while those cultured 
submerged i n l i m i t e d aerobic conditions gave less polymers 
and less regeneration,Figure (67)„ Thus the quicker 
recovery and regeneration of protoplasts which were 
cultured i n a shallow l i q u i d medium and than on to the 
surface of the agar (Chapter I I ) may be a t t r i b u t e d here 
t o greater recovery of ribosomes „ So the recovery of 
ribosomes can be used here as evidence f o r determining 
the a c t i v i t y and regeneration of protoplasts<> 
The method which was shown t o be suitable f o r 
ribosomal recovery and shown t o give a good regeneration 
was used i n the following experimental sets 0 
PAGE of polyribosome extracted at d i f f e r e n t i n t e r v a l s 
©luring regeneration of protoplasts on s o l i d medium,, 
Protoplasts were pre-incubated i n l i q u i d medium f o r 
1=2 hourso Polyribosomes were fractionated by 202% 
gals 
So 1 hour 
Bo 2 hours 
Co 6 hours 
Do 12 hours 







PAGE of polyribosomes extracted at d i f f e r e n t intervals 
during regeneration of protoplast i n l i q u i d medium,, 
2 02% gels were used 0 
A„ 2 hours 






202„ Fractionation _p£_r^ from proto-
plasts of d i f f e r e n t segments during _reLgeneration 
Protoplasts isolated from segments which were of equal 
length (5 mm) and fresh weight (1 gm) were incubated i n 
the above regeneration medium (see Chapter I I ) 0 Ribosomes 
w©re extracted at intervals from regenerating protoplasts 
of d i f f e r e n t segments and 15 ug ribosomes was usually used 
as a suitable loading on 2 Q2% gels„ During the f i r s t 
hours of culturingc, there was found t o be a loss i n the 
polymers ©f ribosomes fr©m protoplasts of d i f f e r e n t 
segmentso The recovery of polyribosomes was shown to be 
i n i t i a t e d at 6 hours i n the t i p protoplasts while at 12 
and 14 hours a f t e r c u l t u r i n g , i n the middle and basal 
protoplasts,Figures (68069,,70) <, 
The recovery of polyribosomes from protoplasts of 
d i f f e r e n t segments appeared t o be associated with 
decreasing absorbance of the monoribosome peaks,, At 
the time of polyribosomal recovery the regenerations of 
the protoplasts were seen, initiated„ The t i p protoplast 
started t o regenerate before the others 0 Therefore the 
quicker recovery of polyribosomes and regeneration both 
appeared t o be associated,, Greater a c t i v i t y of the t i p 
region f o r regeneration and growth could be interpreted 
here as a greater a c t i v i t y of t h e i r ribosomes to form 
polyribosomeso Likewise the maximal recovery of poly-
ribosomes appeared t o be also i n association with the 
PAGE of polyribosomes extracted at d i f f e r e n t i n t e r v a l s 
during the regeneration of protoplasts 0 released from the 
t i p segments of stage I sporangiophoreSo Polyribosomes 
were fractionated by 2 02% gels„ Culture method was as f o r 
(67) 
ho 2 hours 
Bo 4 hours 
C„ 6 hours 
Do 8 hours 
p= polyribosomes 
A G> 
J C no CO CM C D 
Ve 4Ve 
PAGE of polyribosomes extracted during the regeneration 
of protoplasts 0 released from middle segments of stage I 
sporangiophores 0 Polyribosomes were fractionated by 
2 02% gelSo Culture method was as f o r (67) 
fl. 2 hours 
Bo 12 hours 





PAGE of polyribosomes extracted during the regeneration 
of the protoplasts released from the basal segments 
of stage I sporangiophores 0 Polyribosomes were 
fractionated by 2 02% gels„ Culture method was as f o r 
(67) 
A„ 2 hours 
B„ 12 hours 
Co 24 hours 
M - Monosomes 





recovery of RNA species„ 
Similar observations of recovery and regeneration 
were seen f o r the protoplasts isolated from i n t a c t 
sporangiophores^Figure (71)„ where highly polymerized 
ribosomes were obtained at 8 hours„ 
30 Effect of RNfl and protein synthesis i n h i b i t o r s on 
ribosomes during regeneration of protoplasts 
Protoplasts isolated from i n t a c t stage I sporangio-
=1 
phores were treated with 6-methylpurine (26 ug 0ml ') o 
actinomycin D (25 ugoml™1) and cycloheximide (20 ugoml"1)„ 
Protoplasts which were grown i n normal medium was used 
as a c o n t r o l o 
There was no regeneration found a f t e r 6 hours by the 
protoplasts incubated i n cycloheximide or 6-methylpurine 
but there was a regeneration by the protoplasts which 
were cultured i n actinomycin D„ Ribosomes were extracted 
and fractionated a f t e r 24 hours of c u l t u r i n g and the resul t s 
are shown i n Figure (72) „ 
The e f f e c t of cycloheximide i n i n h i b i t i n g the growth 
of protoplasts can be a t t r i b u t e d t o the breakdown of 
the ribosomes i n t o subunits,Figure (72C), Breakdown 
i n synthesizing protein (Spirin & Gavrilova^ 1969? 
Hadholova & Nikolaev,, 1976) 0 The breakdown of the RNft 
which was found above could possibly be a t t r i b u t e d here 
PAGE of polyribosomes extracted at d i f f e r e n t intervals 
during regeneration of protoplasts released from 
stage I sporangiophores 0 Polyribosomes were fractionated 
by 2 b 2 % gels„ Protoplasts suspension were cultured on the 
s o l i d medium 
A o 2 hours 
B o 8 hours 
C o 12 hours 






to the breakdown of the subunits of the ribosomes by 
cycloheximide„ 
6-methylpurine showed an i n h i b i t i o n of the recovery 
of the high polymerized polyribosome which aggregated 
only t o the dimer, Figure (72B)„ Likewise 6-methylpurine 
showed a simila r e f f e c t possibly by i n h i b i t i n g the 
synthesis of new RHft fractions,, 
Ribosomes fractions of protoplasts treated with 
actinomycin D showed a greater l e v e l of recovery of poly-
ribosomes o Figure (12h) 0 compared with the cycloheximide 
and 6-methylpurine treated protoplasts. Thus0 a f a i l u r e 
t o i n h i b i t the regeneration by actinomycin D can be 
a t t r i b u t e d t o the a b i l i t y of polyribosome t o recover 
and produce protein f o r w a l l synthesis,, I n h i b i t i o n of the 
synthesis of the l y t i c enzyme by cycloheximide (Katz & 
Rosenberger0 1971? Vries & Wessels,1975? Grove? 1978? 
Gooday,1978) and of RNA required f o r i t s synthesis by 
6-methylpurine may be the reason f o r the lack f o r the 
regeneration of the protoplasts i n these inhibitors,, 
A d d i t i o n a l l y i n h i b i t i o n of regeneration and wall synthesis 
by cycloheximide could be a t t r i b u t e d t o i t s i n h i b i t i o n 
e f f e c t on the enzyme formation at the ribosomal site,, 
This i s also i n agreement with the above results„ 
Figure ( 7 2 ) 
PA0B of polyribosomes extracted from protoplasts a f t e r 
24 hoiars of regeneration i n inh£bitors0 Culture method 
was as f o r ( 6 7 ) „ 
ha Aetinomycin D ( 2 5 {ig 0ml ) 
=1 
B o 6=methylpurin© ( 2 5 |ig 0ml ) 
=•1 
C0 C^eloheximide ( 2 0 ng 0ml ) 
s ~ Sub~unit 
1 & 2 = Monosomes fractions 
CD 
= 204= 
30 o EFFECT OF HOMOGENIZATION OF THE PROTOPLASTS ON THE 
LEVELS 0F_ THE POLYRIBOS QMS S 
hs shown i n Chapter I I page (145),; when the protoplasts 
were homogenized t o disrupt the normal d i s t r i b u t i o n of 
c e l l u l a r components and also the i n t e g r i t y of membrane,, 
the regeneration appeared t o emerge from granular bodies 
and free from membranous s t r u c t u r e 0 This was interpreted 
as the precursor or an enzyme of the wall synthesis being 
intimately associated with granules of a pa r t i c u l a t e c h i t i n 
synthase (Ruiz-Herrera et al°° 3-975; Thomson & Fischer, 
1976)o So the homogenisation may disrupt some c e l l u l a r 
components of protoplasts which may carry the w a l l 
precursor. I n t e g r i t y of these organelles or components 
appears t o be required f o r normal wa l l synthesis„ This 
was examined i n terms of the e f f e c t of mechanical 
disruption on the i n t e g r i t y of ribosomal f r a c t i o n a f t e r 
homogenization, to investigate i f there was any i n t e r -
association between w a l l synthesis and ribosomes 
i n t e g r i t y o 
The s t a b i l i z e d protoplasts which were isolated from 
stage I sporangiophores were divided i n t o two samples0 
one subjected to a v a r i e t y of conditions which mechanically 
(mortar and pestle or pressure homogeniser) disrupted 
the protoplasts g then the ribosomes were extracted using 
the method described i n materials and methods0 The second 
-205-
sample was used as control f o r ribosomes extraction only 0 
Extracted ribosomes were fractionated by 2„2% gel s 0 
Figure (73A) shows that a f t e r the disruption the 
normal i n t e g r i t y of the ribosomes was l o s t o Breakdown 
of the ribosomes i n t o t h e i r broadening peaks was also 
seen. I n contrast i n the control sample„ no breakdown of 
the ribosome was seen and also a series of highly poly-
merized polyribosomes were observed,Figure (73B) 0 
Breaking the i n t e g r i t y of the polyribosome could be 
associated with the disr u p t i o n of the protoplasm 0 
Disruption of the i n t e g r i t y of the pathway of the w a l l 
synthesis by the mechanical manipulation may be associated 
with the breakdown of the ribosomes„ Fragmentation of the 
i n t a c t polyribosomes i n t o microsomal units could be i n 
association with the formation of the granular structures 
which formed hypha= An enzyme could be produced abnormally 
at microsomal level„ since i t was found that the microsomal 
f r a c t i o n contained c h i t i n synthase (McMurrough & B a r t n i c k i -
Gareia, 1971)„ 
The i n t e g r i t y of the protoplasts therefore appears 
t o be associated with the i n t e g r i t y of the polyribosome„ 
During the c u t t i n g of the sporangiophore^ the abnormal 
regeneration and branching appeared t o be correlated 
with the degradation of the ribosomes and i n af f e c t i n g the 
PAGE of 15 ug ribosomesff fractionated by 2„2% gels f o r 
2 hours 
fl„ Control 
B o A f t e r mechairaical homogenidation 
S = Sub-units 
1 - Mbnosbmeis 
+Ve 
= 206 -
non-uniform d i s t r i b u t i o n of the cytoplasmic organelles 
and hence the apical growth„ Therefore the i n t e g r i t y 
of the t r a n s l a t i o n l e v e l of protein synthesis appeared 
t o be of paramount importance i n c o n t r o l l i n g growth and 
development of sporangiophores„ Presence of more membrane-
bound ribosome (Jan,? 1974) at the t i p of the sporangiophore 
could be associated with the i n t e g r a l a c t i v i t y at that 
region,, The e f f e c t of membrane-bound „ and membrane free 
ribosome on the regeneration was investigated further„ 
207= 
31 0 AB^LYSIS OF MEMBRANE-BOUND a HP FREE POLYRXBOS0MB S 
Jan (1974) found more membrane=bound ribosomes at 
the t i p region than elsewhere i n the sporangiophore„ In 
order to establish the pattern of ribosome d i s t r i b u t i o n 
i n t h i s study i t was necessary t© analyse the sporangiophore 
f o r the presence of free or bound-polysomesp i n order 
th a t any changes during regeneration could be related to 
the normal growth s t a t e 0 
Two similar methods were used involving detergent^ 
DOC-ionic detergent and T r i t o n X-100ff non=ionic detergents 
Both digest membranes when added t o post mitochondrial 
supernatant, a problem arises with DOC i n that i t removes 
monosomes and possible decreases the t o t a l y i e l d of 
ribosomes as shown for radish leaves (Pearson, 1969)„ 
A normal extraction of ribosomes from the £.ip0 
middle and base segments was carried out f f but the DOC was 
replaced by 0,2% T r i t o n X-100 i n the grinding medium,, I n 
the presence of DOC the post-mitochondria supernatant 
obtained contained dark yellowish droplets of f l o a t i n g 
pigments. Such droplets were tested f o r carotene 0 2 ml 
of ether was added onto a sample of pigment 0 The tube 
containing the two separate layers of post=mitochondrial 
supernatant and ether (see below) was c a r e f u l l y shaken t o 




<JL post<= mitochondrial, supernats 
Carotene was determined by measuring the absorption 
of the mixture of the pigmented ether at a wavelength 
between (400=500 tim)o Figure ( 7 4 ) shows greater ab^orbane® 
afe 450 mm which indicated carotene pr©g@ne<a0 Thim indi@git®i 
that carotene i s a membrane-bound component0 Th® post 
mitochondria supernatant with T r i t o n X-100 or DOC was 
placed onto the surface of a sucrose s o l u t i o n (see material! 
and methods Chapter I I I ) and then eentrifuged f o r 3 hours 
at 40*000 3£ g using an MSE 65 ultra-eentrifug©0 Following 
the procedure f o r preparing the ribosomal p a l l e t (see 
above) the u 0 v 0 absorptions of the riboeomes ©f the t i p * 
middle and base segments were measured and using Tester & 
Dure (1966) equation* the concentration of ribosomee w@r® 
determined* Table (20)„ 
The t o t a l yields of ribosomes were greatly iaereased 
i n the presence of DOC with the t i p segment giving the 
highest y i e l d 0 Each value i s a m©an of 3 r e p l i c a t e s 0 
also there was an increase i n the y i e l d * i n the pr®a@ne© 
of T r i t o n X=100 detergent compared with th® con t r o l * 
but not as great as that found with D0Co S«<gh iae^®©s@e 
may be a t t r i b u t e d to a greater release of the monososssf 0
Faqus® ( 7 4 ) 





350 400 450 500 
WDvelength 
Characteristic of ribosomes extracted 
absence of detergents 
i n the presence or 
Sample Emax 
Emin 
Tip + DOC 1.30 
+ T r i t o n 1.20 
Control 1.10 
Middle + DOC 0.97 
i 
+ T r i t o n 1.06 
Control 1.18 
Base + DOC lo09 
+ T r i t o n 1.06 
Control I 0 I 8 
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&t the tip„ the i n c r e a s e d y i e l d of ribosomes was 
g r e a t e r than those found for the middle and b a s a l segments. 
The i n c r e a s e can be i n t e r p r e t e d as there being more 
membrane-bound ribosomes than i n other regions Jan 
(1974)„ 
l c F r a c t i o n a t i o n of gibo-somes 
Further a n a l y s i s of the bound ribosomes i n the regions 
of sporangiophore was made using the polyacrylamide ge l 
e l e c t r o p h o r e s i s system,, Scans of polysome f r a c t i o n s from 
the t i p region,, Figure (75), showed t h a t DOC i n c r e a s e s 
s l i g h t l y the l e v e l of polyribosomes but had more e f f e c t 
on monosome yi e l d o T h i s could be i n t e r p r e t e d as t h e r e 
being more membrane-bound monosomes _ than f r e e 
ribosomes . I n c r e a s e d y i e l d s i n the case of DOC may be due? 
t o the f a c t t h a t the detergent l i b e r a t e d polysome which,, 
being more f r a g i l e 0 broke down to monosomes,, 
Middle and base p r o f i l e s showed no i n c r e a s e i n poly-
some but showed i n c r e a s e s i n monosome f r a c t i o n s <, T h i s 
could be due to the break down of polysome f r a c t i o n s , 
s i n c e i t has been found t h a t there was a polymer present 
i n the c o n t r o l which disappeared when DOC was included„ 
2 Q Membrane°b^und and f r e e ribosomes during the 
r e g e n e r a t i o n of sporanqiophores 
Membrane-bound and f r e e ribosomes were estimated 
during the r e g e n e r a t i o n of the t i p , middle and b a s a l 
xon s ran reqener 
Figure; (75) 
a „ PAGE @f t o t a l ribosomes e x t r a c t e d from sporangiophbres 
using the normal procedure f o r e ^ r j i c t i o n 
B„ PAGE of membraae-bound and free=ribosomes e x t r a c t e d 
from sporangiophores with the a d d i t i o n of 0„5% D O C 
t o the post-mitoehondrial supernatanto T h i s shows 
g r e a t e r l e v e l of monomer and dimer ribosomes compared 
with both A & C 
C o PAGE of membrane<=bound and f r e e ribosomes e x t r a c t e d 
from sporangidphoreSi? with the a d d i t i o n of 0o5% 
T r i t o n X-100 t o the post mitochondrial supernatant 
Fo.r f r a c t i o n a t i o n s „ 202% g e l s were loaded w i t h 
15 \xg ribosomes and were run f o r 2 hours 
£ 
B to CM 
=210= 
segmentso Times of 0, 4ff 8 and 16 hours were chosen fo r 
p o i n t s of e x t r a c t i o n and the f i n a l y i e l d of bound and f r e e 
ribosomes were c a l c u l a t e d . Table ( 2 1 ) 0 
From the above results„ i t can be seen t h a t the 
recovery of the membrane-bound ribosomes was low a t the 
i n i t i a l stage compared with the membrane-free ribosomes 
which appeared to be i n a s s o c i a t i o n with the regeneration,, 
Regeneration time showed a gradation down the sporangiophore 
t h i s was r e f l e c t e d i n the time f o r recovery of membrane-
f r e e ribosome? t h i s may be r e l a t e d t o the metabolic 
a c t i v i t y a t the t i p r e g i o n of sporangiophore„ 
Membrane-bound ribosomes were seen t o i n c r e a s e i n 
y i e l d during a l a t e r period e s p e c i a l l y a t the period of 
completing the growth of stage I and a t the i n i t i a t i o n 
of stage I I 0 & gre a t e r y i e l d was found a t the new 
regenerated apex of the sporangiophore„ T h i s i s i n 
agreement with the above observations where more membrane-
bound ribosomes were found a t the t i p of the sporangio-
phore and a l s o i n agreement with the r e s u l t s of Jan (1974) <, 
h low recovery of the membrane-bound ribosome during the 
i n i t i a l stage of growth of D i c t y o s t e l i u m discoideum was 
obtained by Bourguinon & Katz (1978)«, Membrane=bound 
ribosome appeared to be a s s o c i a t e d with d i f f e r e n t i a t i o n 
f o r s p o r u l a t i o n and production of endogenous mRJ3ft0 
Table (21) 
Y i e l d of membrane-bound and f r e e from segment of 
sporangiophore during r e g e n e r a t i o n 
T i p 
Middle 
Base 
y i e l d of 
me mbr a ne-bound 
r ibos ome s {^g-gm 

















Y i e l d of 
membrane-free 
r ibos ome s (Jtg • gm 





4 h 8 h 








Th i s mRN& appeared not to be r e q u i r e d during the 
r e g e n e r a t i o n and growth of the stage I sporangiophore, 
but i t could be u t i l i z e d during the spore germination ( 
review by Berry & B e r r y „ 1976)„ 
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32„ GENERAL DISCUSSION AND CONCLUSIONS 
The c h a r a c t e r i s t i c behaviour of the sporangiophore 
°f Ph\^ojnyces during growth and development can be 
d i s c u s s e d under the f o l l o w i n g main points? o r g a n i s a t i o n 
and d i s t r i b u t i o n of n u c l e i , DNA, RNA, ribosomes? the 
i n t e r a s s o c i a t i o n s between the c o n c e n t r a t i o n of the c e l l u l a r 
components and w a l l extension, with a s p e c i a l emphasis on 
the t i p r e g i o n and the p o s s i b l e importance of a balance 
between w a l l s y n t h e s i s and h y d r o l y s i s i n the growth region,, 
Aspects of morphological growth and development of the 
sporangiophore which have been noted i n the present study, 
resemble observations reported by C a s t l e (1942, 1959), 
Gruen (1959, 1967), Gamow & Goodell (1969), Goodell 
(1971), Bergman e t a l . , (1969), Gruen & Ootaki (1970, 
1972), Ootaki & Gruen (1970) and reviewed by Burnett 
(1976)o During growth and development of stage I , 
n u c l e i , mitochondria, ribosomes, RNft, DNA, p r o t e i n and 
w a l l p o l y s a c c h a r i d e were found more concentrated i n the 
t i p region„ The extreme apex of the sporangiophore has 
been shown to be devoid of most of the cytoplasmic 
o r g a n e l l e s , however, p o l y s a c c h a r i d e s and p r o t e i n s are 
present i n both the extreme apex and s u b - a p i c a l zones„ 
The o v e r a l l c o n c e n t r a t i o n of o r g a n e l l e s and components 
was seen t o d e c l i n e i n the p a r t s below the t i p region,, 
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T h i s i s i n accordance with the observations made i n f i n e 
and u l t r a s t r u c t u r a 1 s t u d i e s (Zalokar, 1969? Peat & 
Banbury 0 1967? Marchant e t a l o C 1967? Thornton,? 1968b? 
Bergman e t a l 0 5 1969? Tu e t al„ 5 1971? Tu & Malhotra, 
1976? T r i n c i , 1978b) which have shown the presence of 
n u c l e i ^ ribosomes, and endomembrane a t the s u b - a p i c a l 
zone, w h i l e the extreme apex has been shown to c o n t a i n 
numerous s e c r e t o r y vesicles„ h g r e a t e r c o n c e n t r a t i o n of 
p o l y s a c c h a r i d e s and p r o t e i n a t the apex was thought to be 
i n a s s o c i a t i o n w i t h v e s i c l e s , , s i n c e i t has been found t h a t 
v e s i c l e s may c a r r y the w a l l substances such as poly-
s a c c h a r i d e s or discharge enzymes ( G i r b a r d t , 1969? Grove, 
1970? T r i n c i , 1971, 1974? B a r t n i e k i = G a r c i a , 1973? 
Rosenberger, 1978 and reviewed by Weber & Hess, 1976)„ 
R e s u l t s described i n t h i s work on e x t r a c t i o n and 
f r a c t i o n a t i o n of RKft s p e c i e s and ribosomes have shown a 
g r e a t e r content of polyribosomes 28S, 18S RNft (high 
molecular weight) and a l s o 5S and 4S RW\ (low molecular 
weight) a t the t i p r e g i o n than a t the middle and b a s a l 
r e g i o n of sporangiophore„ I n a d d i t i o n , more obviously 
5„8S RM has been found f r e e a t the t i p i n c o n t r a s t t o 
other p a r t s of the sporangiophore a h g r e a t e r content of 
5 08S and 5S RNA has been found to be important i n the 
b i o s y n t h e t i c a c t i v i t y of ribosomas of Saccharomyees 
c e r e v i s i a e ( H e l s e r & McLaughlin, 1975) and a l s o i t has 
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been reported t h a t a unique s y n t h e s i s of 5„8S has been 
a t t r i b u t e d to the higher a c t i v i t y of t h e c e l l i n 
producing protein., Recovery of high l e v e l s of poly-
ribosomes and f r e e 5 08S RNA was a l s o found during the 
maturati®n and growth of Phycomyces mycelium (Pearson, 
unpublished work)„ The presence of h i g h l y polymerized 
polyribosome during growth of f u n g i (Berry & Berry, 1976) 
and i n other l i v i n g systems, (Pearson? 1969; S p i r i n & 
G a v r i l o v a , 1969;. Ramakrishnan & S t a p l e s , 1970; 
Strangeway, 1977) has been shown t o be a s s o c i a t e d with 
formation of a c t i v e mRNft and thus a c t i v e metabolic 
a c t i v i t y o h g r e a t e r content of membrane-bound ribosomes, 
which has been found at the t i p r e g i o n of the sporangio-
phore, resembles the r e s u l t s reported by Jan C1974) f o r 
Phvcomyces 0 He a l s o found a higher c o n c e n t r a t i o n of 
c h i t i n synthase a t t h a t region, and a t t r i b u t e d t h i s t o 
i, 
a c t i v e Wall synthesis,, The recovery of high l e v e l s of 
membrane-bound ribosomes during growth of some filamentous 
f u n g i (Hollomon, 1971; Mirkes, 1974; Bourguignon & 
Katz, 1978) was a t t r i b u t e d to the formation of a unique 
d i f f e r e n t i a t i o n d u r i n g growth of thse f u n g i o The r a t e of 
s y n t h e s i s of RN& and polysomes (thus mRN&) r e g u l a t e s 
the s y n t h e s i s of enzymes and a l s o plays a r o l e i n 
determining fungal growth ( K i l l i c k & Wright, 1974 and 
reviewed by Bramble e t a l M 1978 and Smith, 1978)„ 
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A grea t e r content of tRN& (4S) a t the t i p r e g i o n of 
the sporangiophore could a l s o be a t t r i b u t e d t o more 
p r o t e i n s y n t h e s i s and an a c t i v e t r a n s l a t i o n a l level„ T h i s 
i s i n agreement with an observation reported f o r jgaurospora 
c r a s s a by Vanderhoff est a l e (1972) 0 A d d i t i o n a l l y * and 
as y e t not f u l l y c h a r a c t e r i z e d RNA species,, 208, was 
found i n the sporangiophore„ The presence of t h i s 
appeared i n agreement with the observations t h a t a s i m i l a r 
new RKft f r a c t i o n appeared during s p o r u l a t i o n of Saccharomyees 
c ^ r e ^ i s i a e (Udem & Warner 0 1972,° Hopper e t a l e , 1974° 
Weijksnora & Hober, 1978) 8 
The v a c u o l a t i o n zone has been shown to be i n i t i a t e d 
a t a r e g i o n below the s u b - a p i c a l region of the sporangiophore„ 
The s i z e of the vacuole has been found to i n c r e a s e with 
d i s t a n c e from the apex. I n c r e a s e i n the s i s e of the 
vacuole has been shown to be a s s o c i a t e d with a d e c l i n i n g 
c o n c e n t r a t i o n of c e l l u l a r components„ Incre a s e d numbers 
of vacuolated p r o t o p l a s t s a t p a r t s below the t i p region 
a l s o were used as evidence f o r the s t a b i l i t y of 
v a c u o l a t i o n 0 
I t was concluded t h a t the non-uniform d i s t r i b u t i o n 
of c e l l u l a r components and growth along the sporangiophore 0 
may be i n d i c a t i v e symptoms of ageing„ Apart from the 
base f f growing sporangiophore of Phycornyees can be 
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separated i n t o at l e a s t three r e g i o n s , v i z , ( i ) an extreme 
apex r e g i o n with higher c o n c e n t r a t i o n of w a l l p r e c u r s o r s 
and p r o t e i n , ( i i ) a s u b - a p i c a l region r i c h i n ribosomes, 
n u c l e i , RNA, DMA, mitochondria and endoplasmic r e t i c u l u m , 
( i i i ) a v a c u o l a t i o n zone, A s i m i l a r zonation was 
described f o r the hyphae of filamentous f u n g i (reviewed 
by F e n c l , 1978) and was a t t r i b u t e d t o the age of the 
compartments (see a l s o review by Grove, 1978) 0 Whether 
the d i s t r i b u t i o n of the o r g a n e l l e s and components was 
a u t h e n t i c and thus r e f l e c t e d a s i g n i f i c a n t p h y s i o l o g i c a l 
s t a t e of the a p i c a l growth of the organism, or whether 
they j u s t arose as mere a r t i f a c t s during processing 
needs d i s c u s s i o n . 
The d i s t r i b u t i o n of o r g a n e l l e s and components 
e s p e c i a l l y n u c l e i , mitochondria, RKSA, DNA and p r o t e i n 
along w i t h the sporangiophore were determined c y t o l o g i c a l l y 
using d i f f e r e n t s t a i n i n g methods which gave s i m i l a r 
r e s u l t s as seen by Peacock (1958), Gurr (1960), Jensen 
(1962), Cohn (1969), Techniques and precautions f o r 
maintaining normal d i s t r i b u t i o n and an i n t a c t t i p as 
a p p l i e d t o s t u d i e s of hyphae were a l s o taken i n t o 
account i n t h i s study. The techniques and precautions 
were e x t e n s i v e l y described by Ward (1888); Burgeff 
(1915), Smith (1923), C a s t l e (1958), Robertson (1965 , 
1968), Bracker (1967), Marchant & Smith (1968), 
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Grove e t a l o , (1970), Katz & Rosenberger (1970, 1971), 
Gooday (1970), B a r t n i c k i - G a r c i a (0.973), Grove (1978) „ 
Uniform f i x a t i o n and s t a i n i n g were obtained by using 
sporangiophores which had been t r e a t e d to remove the 
c u t i c l e l a y e r o T h i s minimized d i f f i c u l t i e s faced with 
regard to the p e n e t r a t i o n of f i x a t i v e s and s t a i n s and 
th e r e f o r e gave preparations without d i s o r g a n i z a t i o n and 
d i s l o c a t i o n of cytoplasm,, Procedures used f o r f i x a t i o n 
and s t a i n i n g f o r cytoplasmic o r g a n e l l e s and components of 
sporangiophores were s i m i l a r t o those used and desc r i b e d 
by Hepden & Hawker (1961) f Abbot (1964) , Hawker e t aj. „ , 
(1968), Davison (1968a,b) p Flanagan (1970), Frank & 
Reau (1971), Myers & Cantino (1971, 1974), Wong & Gruen 
(1977), Hutter e t a J U , (1978) . 
Within the t i p region,RNA, DE3A, p r o t e i n , n u c l e i and 
mitochondria are much denser a t the sub=apax r e g i o n of 
the sporangiophore„ h g r e a t e r d e n s i t y of s t a i n i n g of RE®, 
DE&o p r o t e i n , n u c l e i and mitochondria was a l s o found a t the 
same r e g i o n of the sporangiophore of Peronospora p a r a s i t i c a 
(Davison,1968a,b)o Wong & Gruen (1977) have reported t h a t 
the growing zone of the f r u i t bodies of Flammuljna v e l u t i p e s 
i s d i f f e r e n t from other r e g i o n s , i n t h a t i t c o n t a i n s more 
cytoplasm, and they reported t h a t t h i s may be a t t r i b u t e d 
t o metabolic activity„ A grea t accumulation of REJ& and 
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p r o t e i n during the growth of Allomyces s p 0 B l a s t o c l a d i e l l a 
emersonii and Wg^ospjgsa SMMS3M w a s ^°und to be i n 
a s s o c i a t i o n with the morphogenesis of the fungi ( T u r i a n & 
Viswanathan, 1966? Myers & Cantino, 1 9 7 1 , 1974? 
L o v e t t , 1975? T u r i a n , 1975? Bramble e t a l 0 , 1978)<, 
The g r a d i e n t of macromolecules and o r g a n e l l e s appear 
to be under the i n f l u e n c e of gene c o n t r o l l e d polar growth 
(see review by F e n c l 1 9 7 8 ) 0 Uniform d i s t r i b u t i o n of 
o r g a n e l l e s was a l s o a t t r i b u t e d t o the p o l a r i t y assembly 
of o r g a n e l l e s and a p i c a l growth (Robertson,1 9 6 5 , 1968 
and Grove,1978)„ The a p i c a l growth p a t t e r n has been found 
to be maintained by non-uniform d i s t r i b u t i o n of cytoplasm 
o f £ythium, £hyJ^ophj±Lpj^a,/> p i e t y or us, Saprolegnia, 
B l a s t o c l a d i e l l a emersoniio Neurospora c r a s s a , Sehizophyllum 
£ommune, and P o l y s t i c t u s v e r s i c o l o r and other filamentous 
fungi (Hemmes & Hohl, 1971? Grove e t § l o t 1970? Barslow & 
Lovett, 1 9 6 9 , 1974? Heath e t aJU, 1970? Hunsley, 1973 
and reviewed by Burnett, 1 9 7 6 )„ Furthermore i t has been 
shown t h a t the accumulation of o r g a n e l l e s and components 
a t the t i p r e g i o n i s independent of the cytoplasmic 
streaming, s i n c e i t has been found t h a t the cytoplasmic 
streaming from the t i p to the b a s a l regions i s more than 
the movement from the base to the t i p regions (see Bergman 
e t a l o , 1969? Jennings, 1 9 7 6 )„ The t r a n s l o c a t i o n s of 
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the n u t r i e n t s i n the fungi has been found to be independent 
of the cytoplasmic streaming (Howard, 1978), I t has been 
concluded t h a t new protoplasm i s formed throughout the 
hyphae and transported to the t i p of filamentous f u n g i by 
a c t i v e streaming (Zalokar, 1959b), I n c o n t r a s t , F e n c l 
(1978) disputed these observations and regarded n u t r i e n t 
t r a n s p o r t and protoplasmic streaming as being dependent 
on the cytoplasmic streaming, t h e r e f o r e the a s s o c i a t i o n 
between the two processes i s under some doubt„ 
I n t h i s study i s o l a t e d sporangiophores have been 
shown t o reach the same stage as do attached sporangiophores 
I t a l s o appears t h a t the i s o l a t e d sporangiophores may 
depend on the preformed substances during the growth of 
stage I , Growth and development of i s o l a t e d sporangiophores 
appears as a system of l o c a l autonomy or as an endotrophic 
response, (Gamow & Goodell, 1969), Observations i n t h i s 
study are a l s o i n agreement with the r e s u l t s observed by 
Gruen (1959), Bergman et al„, (1969)„ The f i n a l stage 
of development (IV) has been shown t o be achieved even 
w i t h fragments or segments of sporangiophores. The t i p 
segments has been shown t o be the more a s t i v e r e g i o n 
during r e g e n e r a t i o n and development. S i m i l a r observations 
were a l s o reported by Gruaen & Ootaki (1970, 1972) „ Ootaki 
& Gruen (1970), Furthermore the p r o t o p l a s t s which were 
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i s o l a t e d from the t i p region have a l s o been shown to 
produce a g r e a t e r q u a n t i t y of w a l l substances and t o 
develop a hyphae i n a much s h o r t e r time„ The recovery 
of RNA, ribosomes and p r o t e i n was found to be g r e a t e r 
during the r e g e n e r a t i o n of both t i p segments and t h e i r 
p r o t o p l a s t s , compared with those of the middle and base 
segments and t h e i r corresponding protoplasts„ These 
r e s u l t s i n d i c a t e evidence t h a t the t i p region shows more 
a c t i v i t y during growth and development, p o s s i b l y because 
i t i s able to produce more protein,, T h i s i s probably due 
t o i t s g r e a t e r content of RNA, D£3A, n u c l e i and ribosomes „ 
The elo n g a t i o n of regenerated sporangiophores has been 
shown not to r e q u i r e a connection w i t h the s u b s t r a t e 
hyphae or exogenous water or nutrients„ The p o s s i b i l i t y 
i s t h a t assumed growth can be e s t a b l i s h e d a t the expanse 
of neighbouring compartments (Gooday, 1974)„ 
Degradation of cytoplasmic o r g a n e l l e s and components 
i n the b a s a l r e g i o n and the maintenance of normal con-
c e n t r a t i o n s of cytoplasmic components a t the t i p r e g i o n 
has been shown during the i s o l a t i o n and r e g e n e r a t i o n 
studies„ The degradation of cytoplasmic contents takes 
place during s t a r v a t i o n s i t u a t i o n s during fungal hyphae 
growth reviewed by F e n c l (1978)„ I t has been reported 
t h a t the main cause of degradation or a u t o l y s i s of 
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o r g a n e l l e s appears t o be the imbalanced c o n d i t i o n along 
the hypha.. The imbalanced c o n d i t i o n has been found to 
be induced by e i t h e r i n t e r n a l or e x t e r n a l f a c t o r s ? 
disturbance of the organelles„ mechanical a c t i v a t i o n of 
some enzymes which i n f l u e n c e d or d i s t u r b e d the i n t r a c e l l u l a r 
s t r u c t u r e of the c e l l wall,? the l a c k of n u t r i e n t 
( s t a r v a t i o n ) as a general energy source or by a s p e c i f i c 
n u t r i e n t d e f i c i e n c y of some substances due t o i t s 
l o c a l i s a t i o n (ageing) along the hyphae (see review by 
Fencl„ 1978) 0 Degradation or a u t o l y s i s of the older 
o r g a n e l l e s or components at the b a s a l region,? a f t e r 
sporangiophore i s o l a t i o n , can a l s o be considered as an 
i n t e r n a l adaptation system (compartmentlization) through=> 
out the sporangiophore„ By t h i s means the older contents 
can be degraded and u t i l i z e d again by the younger r e g i o n 
( t i p ) of the sporangiophore«, Degradation products of RNAB 
r i b o n u c l e o s i d e monophosphate„ r e l e a s e during s t a r v a t i o n 
of B d e l l o v i b r i o b a c t e r i o v o r u s have been found to be 
u t i l i z e d and used as b i o s y n t h e t i c p r e c u r s o r s f o r s y n t h e s i s 
of both n u c l e i c a c i d and other c e l l materials, and a d d i t i o n a l l y 
the r i b o s e sugar has been shown t o be used as a source of 
energy ( H e s p e l l & Mertens, 1978)„ 
Degradation of RNA at the b a s a l r e g i o n during the 
i s o l a t i o n (imbalanced c o n d i t i o n ) and a l t e r n a t i v e l y the 
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maintained RNft c o n c e n t r a t i o n at the t i p r e g i o n was used 
as evidence f o r the r e o r g a n i z a t i o n or r e d i s t r i b u t i o n of 
cytoplasm during regeneration and growth of sporangiophore G 
Thus the a b i l i t y of the t i p r e g i o n t o maintain the a p i c a l 
growth extension may be a t t r i b u t e d t o i t s being a younger 
r e g i o n r e c e i v i n g a continuous supplement of degraded 
componentso This i s due p o s s i b l y t o i t s unique content of 
c e l l u l a r components,, since T r i n c i & Righelato (1970) 
s t a t e d t h a t a u t o l y s i s does not proceed synchronously i n the 
e n t i r e f i l a m e n t but only i n i t s i n d i v i d u a l components 0 
They also found t h a t the decomposition of the organelles 
of the same type i s synchronous ( i o e 0 i t i s catalysed by 
c e l l f r e e enzyme)„ So the lysosome and autophagy do not 
p l a y a s u b s t a n t i a l r o l e i n the a u t o l y s i s ? also v e s i c l e s 
w i t h lysosomal f u n c t i o n (Thornton, 1968a? Burnett„ 1976) 
are r a t h e r associated w i t h l y s i s and resynthesis of c e l l 
w a l l (Mahadevan & Mahodkar, 1970). T r i n c i (1974) assumed 
a continuous supply of the enzyme c o n t a i n i n g v e s i c l e s g 
i n c l u d i n g the w a l l b u i l d i n g blocks from the older regions 
toward the a p i c a l p a r t s of the hyphae„ T h i s , because of 
the unique non-uniform d i s t r i b u t i o n or organelles 
associated w i t h the a p i c a l growth, p o s s i b l y gives t h a t 
r e g i o n a s p e c i a l a u t o l y s i s resistance,, Degradation of 
cytoplasmic organelles at the basal r e g i o n of sporangiophores 
d u r i n g growth i s i n agreement w i t h the observations r e p o r t e d by 
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Nagasaki (1968b), Righelato et. a l o g (1968), T r i n e i & 
Rig h e l a t o (1970) 0 and Pencl (1978) p since i t has been 
found t h a t the degradation of cytoplasmic organelles were 
i n a s s o c i a t i o n w i t h the degradation of ribosomes c 
Regeneration and branching a t the t i p r e g i o n a f t e r 
mechanical c u t t i n g could be a t t r i b u t e d t o the imbalanced 
c o n d i t i o n brought about i n the c e l l by disturbance of the 
uniform d i s t r i b u t i o n of organelles,, Thus loss of the 
balanced c o n d i t i o n (Trinci,, 1978b) between the l y s i s and 
d e p o s i t i o n of w a l l substances thus maintained the a p i c a l 
growth b u t i n an abnormal fashion„ 
Degradation of RMft and polyribosomes and other c y t o -
plasmic components at the basal r e g i o n (stage I I ) of the 
sporangiophore could also be a t t r i b u t e d t o the s t a r v a t i o n 
(Bergman a t a l o , 1969)„ Growth o£ stage IV thus may depend 
on the autolysed substances which were o r i g i n a l l y supplied 
by the mycelium during the growth of stage i„ Increased 
contents of tRNA (4S) at the i n t e r c a l a r y r e g i o n d u r i n g 
the e l o n g a t i o n growth of stage IV could r e s u l t i n an 
increase i n the aminoacyl-tRNA and thus p r o t e i n s y n t h e s i s 0 
B u l l & Bushel1 (1976) noted t h a t p h d t a t r o p i c response of 
f u n g i i n general involves an increase i n a c o l a t i o n 
tRNA and s i m i l a r processes may occur i n the sporangiophore„ 
L i g h t was' also found t o increase the content of RN& 
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(Tan^ 1978) „ durin g t h e ph o t o t r o p i e response» Thus 
degradation of cytoplasmic contents of the basal r e g i o n 
of stage IV i s compensated f o r by an increase RK5^  species 
i n the i n t e r c a l a r y r e g i o n where more p r o t e i n synthesis 
i s r e q u i r e d f o r the pro d u c t i o n of w a l l substances,, The 
d e c l i n e i n recovery o f polysomes i n the autolysed r e g i o n 
of the sporangiophore could be r e l a t e d t o the reduced 
recovery of f r e e 5 08S RSJ&0 since less f r e e 5»8S has been 
found i n older hyphal preparations (Pearson, personal 
communication)„ I n t h i s study i t has been found t h a t f r e e 
5 08S was always associated w i t h a p i c a l growth of sporangio-
phores„ Thus sporangiophore ageing r e s u l t e d i n a lac k of 
an equivalence or compartmentlization r e g i o n along the 
sporangiophore and was r e f l e c t e d i n RNA and polysome 
changeso Likewise d i r e c t c o n t i n u i t y between sporangiophore 
a p i c a l growth and the synthesis of new w a l l necessitates 
a l o c a l i s e d requirement and recovery of RN& and polyribosomes 0 
The e s s e n t i a l requirements f o r the recovery of RKEft^  
polyribosomes and p r o t e i n during growth and development of 
the sporangiophore were t e s t e d by in c u b a t i n g the sporangio-
phore and also p r o t o p l a s t s o f sporangiophores i n nu c l e i c 
a c i d and p r o t e i n synthesis i n h i b i t o r s . D i f f e r e n t e f f e c t i v e 
i n h i b i t o r s were used (sea page 102 ) 0 Cycloheximide (as 
an i n h i b i t o r of p r o t e i n s y n t h e s i s ^ F r i t E & isehesche, 1971? 
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Hadholov & Nikolaev, 1976? Grove, 1978) and 6~methyl-
purine analogue (Rffl synthesis i n h i b i t o r Kersten & 
Kersten,1974 and see. pagelOO ) have been shown t o i n h i b i t 
the growth and development of both sporangiophore and 
p r o t o p l a s t o Cycioheximide has also been shown t o i n h i b i t 
the germination and growth of Phyeomyces spores and mycelium 
(Van Laere e t al„ B 1976, 1977)„ Van Leare e t a l = ( (1976, 
1977) have a t t r i b u t e d the e f f e c t of the cyeloheximide t o 
i t s a b i l i t y t o i n h i b i t the synthesis of enzymes of w a l l 
synthesis a t the t r a n s l a t i o n level„ Likewise the recovery 
of polyribosomes was shown t o be impaired by the c y e l o -
heximide » I n a d d i t i o n 6-methylpurine was found t o impair 
the recovery of t o t a l RK&o 
The l a c k of an e f f e c t of actinomycin D on the growth 
and development of sporangiophore suggested t h a t sporangio= 
phore growth i s not dependent on new mRNft synthesis but 
appears t o be dependent on preformed mRHA which may be 
present a t the s i t e of t r a n s l a t i o n level„ These s i m i l a r 
e f f e c t s and suggestions are i n agreement w i t h s i m i l a r 
r e s u l t s reported by Mayo e t a l . 5 (1968), Hadholov & 
Nikolaev (1976), Youatt (1976), Cohen (1977), Ernst & 
L e i n i c k (1977), Fisher (1977), Ramadani (1978) and a l s o 
reviewed i n f u n g i i n general by Fineham e t a l o e (1979)„ 
Thus the continuous growth of the sporangiophore appeared 
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t o be dependent on the presence of RE® and polyribosomes 
and thus ensuring continuous synthesis of p r o t e i n ^ 
I n h i b i t i o n of continuous synthesis o f w a l l l y s i s enzymes 
and a l s o c h i t i n synthase was r e l a t e d t o the e f f e c t of 
eycloheximide du r i n g growth and reg e n e r a t i o n of A s p e r g i l l u s 
nige r hyphae and p r o t o p l a s t s of Schizophy_llum commune 
(Vries & Wessels, 1975 and see review by Gooday, 1978)„ 
Th© pro d u c t i o n of s p e c i f i c p r o t e i n s or enzymes 
along the hyphae of f u n g i has been r e p o r t e d t o take 
place at d i f f e r e n t l o c i , and thus suggested t o be 
dependence on the age of both the hyphae and organelles 
(Zalokar, 1959b? Yanagita, 1966? Yanagita & Nomachi, 
1967? Nagasaki, 1968a,b? Fencl, 1978) „ I t was als o 
suggested t h a t the distance between the s i t e of the 
synthesis and the a c t i o n of the enzymes determines the 
p h y s i o l o g i c a l s t a t e of f u n g a l hyphae» The regeneration 
and growth extension are a c t i v e metabolic processes and 
t h i s i s r e l a t e d t o the a c t i v i t y of c h i t i n synthesis i n 
terms of s y n t h e s i z i n g new w a l l m a t e r i a l v i a a r e -
d i s t r i b u t i o n or r e o r g a n i z i n g or p r e - e x i s t e d c e l l materialo 
As p a r t of the hyphae, the c e l l w a l l may als o undergo 
an ageing process„ Marchant & Smith (1968), Strunk 
(1963), G u l l & T r i n c i (1974) have found s t r u c t u r a l 
d i f f e r e n c e s between the w a l l of the t e r m i n a l growth apex 
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and t h a t of the lower p a r t of the hyphae 0 The c o r r e l a t i o n 
between the polar growth of the sporangiophore and the 
b i o s y n t h e s i s of w a l l (see Chapter I ) resembles t h a t 
discussed by B a r t n i c k i = G a r e i a (1973), Gooday (1978), 
T r i n c i (1978b), Kats & Rosenberger (1971), Gooday 
(1971) and reviewed by B u r n e t t (1976) 0 They showed t h a t 
although w a l l e l o n g a t i o n i s l i m i t e d t o the a p i c a l p a r t of 
the growing hyphae„ t h i c k e n i n g of the w a l l may take place 
even i n p a r t s more d i s t a n t from the apex 0 I n t h i s study 
l y s i s of the w a l l was found a t the apex r e g i o n of the 
f u n g a l sporangiophore d u r i n g growth extension (see 
Chapter II)„ More l y s i s a t the t i p was also observed 
d u r i n g p r o t o p l a s t i s o l a t i o n * and t h i s may i n d i c a t e t h a t 
the apex r e g i o n i s more able t o lyse than other r e g i o n 
along the sporangiophores* since i t has been found t h a t 
o l d e r regions of the sporangiophore c o n t a i n more melanin 
and s p o r o p o l l e n i n as p r o t e c t i v e substances (Furch & Gooday„ 
1978)o Such resi s t a n c e could also c o n t r i b u t e a u s e f u l 
system i n m a i n t a i n i n g p o l a r growth* A d d i t i o n a l l y ^ 
maintenance of a p i c a l growth extension of sporangiophores 
has been i l l u s t r a t e d t o be achieved i n terras of a balance 
between l y s i s of the extreme apex r e g i o n and at the same 
time d e p o s i t i o n of c h i t i n a t the sub-apical r e g i o n 
( T r i n i c i i , 1978b) „ Therefore i t can be concluded t h a t th@ 
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growth and development of the sporangiophore i s led and 
r e g u l a t e d by the extreme apex (1=2 mm)0 
The a c t i v i t y a t the apex r e g i o n appeared t o be 
c o r r e l a t e d w i t h the a c t i v i t y of the sub-apical regi@n 
where the continuous supply of w a l l precursors are 
c o n t r o l l e d o The i n t e r a s s o c i a t i o n between the extreme apex 
and sub-apical regions i n achieving a balanced growth needs 
f u r t h e r d iscussion r e l a t e d t o other a l t e r n a t i v e systems,, 
Fungi are b e l i e v e d t o t r a n s p o r t t h e i r h y d r o l y t i c 
enzymes enclosed i n v e s i c l e s toward the apex of hyphae 
where growth extension takes place (Girbardt* 1969) 0 
Vesicles may also produce a m a t e r i a l f o r c e l l w a l l 
f o r m a t i o n (Grove e t aJU „ 1970) and see review by B a r t n i e k i -
Garcia (1973) „ A continuous supply of the enzyme c o n t a i n i n g 
v e s i c l e s i n c l u d i n g Ttfall b u i l d i n g b l o c k s B was also assumed 
by T r i n c i (1971* 1974) 0 The fo r m a t i o n of v e s i c l e s from 
endomembrane systems has been reviewed by (Weber & Hess 
1976) 0 The e s s e n t i a l requirement of n u c l e i and polyribosomes 
i n synthesis v e s i c l e s was al s o i n v e s t i g a t e d (see B a r t n i c k i = 
Garcia* 1973? Weber & Hess, 1976) t and i t has been 
shown t h a t a c t i v e l y growing hyphal apices accumulates 
numerous v e s i c l e s (Brenner & C a r r o l l * 1968? McClure 
e t a l e * 1968; Hemmes & Hohl* 1971? Grove & Bracker* 
1970)o h s i m i l a r accumulation of v e s i c l e was found as a 
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conglomeration i n yeast (Cortat e t a l 0 , 1973? McCully & 
Braeker, 1972? Ho l l e y & Kidby, 1973) „ Numerous v e s i c l e s 
were a l s o found at the extreme apex of sporangiophore and 
have been observed t o coalesce w i t h the plasmalemma of 
sporangiophore (Peat & Banbury, 1967? Merchant e t al00 
1967? Thornton, 1968b? T u e t a l 0 , 1971? Tu & Malhotra, 
1976)„ 
I t was suggested by t h i s study that the a c t i v i t y of 
the sub-apical r e g i o n of the sporangiophore i s concerned 
w i t h the fo r m a t i o n of precursors of w a l l substance 
s y n t h e s i s , since i t has been c h a r a c t e r i z e d i n con t a i n i n g 
more endoplasmic r e t i c u l u m , and more t o t a l ribosomes 
(Jan, 1974)„ Likewise i t was suggested by T r i n c i (1978b) 
t h a t the m i g r a t i o n of v e s i c l e s through the extreme apax may 
be r e g u l a t e d remotely from the sub=apical r e g i o n 0 N u c l e i 
may al s o r e g u l a t e the synthesis of v e s i c l e s (Weber & 
Hess, 1976)o A d d i t i o n a l l y more i n t e n s i t y of s t a i n which 
determined polysaccharide and p r o t e i n a t both the regions 
o f sub apex and extreme apex of the sporangiophore was 
used as evidence i n the present study t h a t the v e s i c l e 
may c o n t a i n both the l y s i s enzyme and w a l l m i c r o f i b r i l . 
Polysaccharides as a w a l l substrate have been found t o 
be c a r r i e d by v e s i c l e s (see review by Rosenberger, 1976)„ 
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As described i n Chapter I I I an i n t e r r e l a t i o n s h i p 
between ribosomes and the production of w a l l m i c r o f i b r i l s 
has been found dur i n g r e g e n e r a t i o n studies since a maximal 
recovery of polyribosomes has been shown t o be i n 
a s s o c i a t i o n w i t h i n i t i a l synthesis of the w a l l substances. 
Likewise microsomal f r a c t i o n s of Mucor r o u x i i were found 
t o s t i m u l a t e the synthesis of c h i t i n synthase (McMurrough 
& Barnieki-Garcia, 1971)„ A d d i t i o n a l l y a greater content 
of c h i t i n synthase was found a t the t i p r e g i o n of the 
Phycomyces hyphae (Ruis-Herrera & B a r t n i c k i - G a r c i a , 1976b) <, 
The pathway of synthesis of c h i t i n synthase of Phycomyces 
blakesleeanus and Mucor r o u x i i was found t o be s i m i l a r 
(McMurrough & Bartnicki=Gareia,1973? Ruiz=Herrera & 
Bar t n i c k i - G a r c i a ( 1976a 0 see al s o Thomson & Fischer,1976? 
Fischer & Thomson, 1979), and also has been found t o be 
s i m i l a r t o t h a t of y e a s t 0 
I t i s important t o suggest t h a t c h i t i n synthase may 
be c a r r i e d by v e s i c l e s i n an i n a c t i v e form which can be 
a c t i v a t e d at the plasmalemma, duri n g the l y s i s process 
a t t h a t r e g i o n of extreme apex 0 But i t can be a c t i v a t e d 
i n _ v i t r o by homogenization (as shown i n the p r o t o p l a s t 
experiment) or by c u t t i n g the t i p r e g i o n , where l y s i s 
enzyme i s released as a r e s u l t of damage which then 
a c t i v a t e s the c h i t i n synthase and thus produces abnormal 
-23L 
growth* S i m i l a r l y i t was found (MeMurrough e t a l * * 1971? 
Ruiz-Herrera e t a l o t 1975) t h a t c h i t i n synthase was c a r r i e d 
by a granular l i k e s t r u c t u r e i n Miaeor r o u x i i 0 S e n t a n d r e u & 
Ruiz-Herrera (1978)* r e p o r t e d t h a t most of the w a l l enzyme 
i s located i n s i d e the permeable b a r r i e r of the c e l l i n 
the form of an i n a c t i v e precursor? the enzyme and i t s 
a c t i v a t i n g f a c t o r (protease?) were r e p o r t e d t o be i n 
separate l o c a t i o n s w i t h i n separate compartment of the c e l l 0 
Thus c h i t i n synthesis and w a l l l y s i s could be r e g u l a t e d by 
the r a t e of f l o w of v e s i c l e s (Stewart & Rogers,1978) from 
the polysaccharide polypeptide s y n t h e s i z i n g and assembling 
organelles t o the growing p o i n t s of hyphal c e l l w a l l * 
Ribosomes are not u s u a l l y present i n the extreme apex 
of the sporangiophore where an endoplasmic r e t i c u l u m has 
been found of l i m i t e d d i s p e r s i o n * Thus i t i s suggested t h a t 
any ribosomal a c t i v i t y * i 0 e 0 genesis of polypeptides and 
p r o t e i n * must occur a t regions where more ribosomas* RN&* 
n u c l e i * are present (sub-apical r e g i o n ) * I n t h i s case the 
synthesis and m i g r a t i o n of substances and v e s i c l e s may be 
r e g u l a t e d remotely by the sub-apical regions of the 
sporangiophore* The granular nature of v e s i c l e s a t the 
extreme apax has been found t o be s i m i l a r t o t h a t of the 
r e g i o n below the apex and both were regarded as smooth 
surfaced* i„e* ribosome f r e e (see Peat & Banbury* 1967? 
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Marchant e t a l o , 1967 and general reviews by Grove, 1978) „ 
When membranes of two or more v e s i c l e s appear j o i n e d * two 
or more i n c l u s i o n are e v i d e n t a l l y suggested i n the common 
lumen (Weber & Hess* 1976)„ Thus intense polysaccharide 
and p r o t e i n s t a i n i n g i n the apex r e g i o n may i n d i c a t e 
t h a t t he v e s i c l e s may c a r r y the discharged l a t e n t enayme^ 
and a l s o may increase the piasmalemma„ 
The a p i c a l v e s i c l e s have been found t o have a membrane 
s i m i l a r t o t h a t of the plasmalemma b u t u n l i k e the membrane 
of n u c l e i and E„R 0 o I f t h i s i s t o be i n t e r p r e t e d as a 
continuous endomembrane system there must be t r a n s i t i o n 
d u r i n g membrane displacement from nuclear envelope t o 
the v e s i c l e s ( B a r t n i c k i = G a r c i a * 1973) 0 The r e s u l t s i n 
t h i s study (Chapters I & I I ) which showed more polyribosome 
recovery and abundance of envaginated n u c l e i a t the time 
of w a l l synthesis* were taken as evidence of the presence 
of the i n t e r r e l a t i o n s h i p between c e l l w a l l substances 
synthesis and n u c l e i c a c i d and p r o t e i n synthesis„ Also 
the p a r t i c l e s which produced c h i t i n synthase may be 
c a r r i e d by granular v e s i c l e s and these p a r t i c l e s may be 
protainaceouso Otherwise v e s i c l e s may be inv o l v e d i n 
s e c r e t i o n * p o s s i b l y * of enzymes„ 
The presence of more ribosomes i n the sub-apical 
r e g i o n (Jan* 1974) and also a greater content of poly-
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ribosome seen i n the present study may have c o n t r i b u t e d 
t o the presence of double membrane v e s i c l e s a t the sub-
a p i c a l r e g i o n of the sporangiophore„ This was suggested 
when Steel (1973) found the double membrane abundant 
w i t h polyribosome and suggested t h a t i t may represent 
the s i t e of synthesis of w a l l enzymes of the fungus 
Geotrichum candidum., The endomembrane apparatus i s not 
b e l i e v e d t o take p a r t i n p r o t e i n synthesis and i t appears 
u n l i k e l y t h a t i n growing hyphae the tapered t i p i s 
involved w i t h membrane p r o t e i n s y n t h e s i s , due t o the 
i n f r e q u e n t presence of ribosomal u n i t s or rough endoplasmic 
reticulum,, Ribosomes are found i n g r e a t e s t abundance i n 
the s u b - a p i c a l , non~vacuolated zone wherein t h e r e i s a 
c o n s i s t e n t a s s o c i a t i o n between endoplasmic r e t i c u l u m and 
endomembranes„ 
Thus i t can be concluded t h a t the growth and development 
of sporangiophore depend on the sub-apical r e g i o n , where 
g r e a t e s t content of polyribosomes, n u c l e i , RNA and 
membrane are found„ These are the important organelles and 
components i n s y n t h e s i z i n g w a l l precursors,, Cytoplasmic 
v e s i c l e s ( c a v i t y w a l l precursors) also p l a y a major p a r t 
i n the growth of the sporangiophore by which e s s e n t i a l 
new membranes f o r the plasmalemma are s u p p l i e d , w h i l e 
also t r a n s p o r t i n g the e s s e n t i a l components f o r new w a l l 
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synthesis* The v e s i c u l a r hypothesis f o r c a r r y i n g a w a l l 
enzyme(s) or substances f o r c e l l extension has been 
almost t o t a l l y concluded from the p r o t o p l a s t s and 
r e g e n e r a t i o n studies and i t i s only r e c e n t l y t h a t attempts 
have been made t o hypothesize regarding the c o n d i t i o n of 
r e g e n e r a t i o n t h a t occur d u r i n g the manipulation (Ruis= 
Herrera e t al**(l97.S) 0 A d d i t i o n a l l y general growth and 
development of the sporangiophore of Phycomyces has been 
shown t o be r e g u l a t e d by the t i p (2=4mm) r e g i o n 0 I t 
appeared t o embody mechanisms f®r c o n t r o l l i n g the unique 
d i f f e r e n t i a t i o n * assembly of w a l l elements and modulation 
of t i m i n g of morphogenesis* and t h i s appeared t o be 
autonomous* A p i c a l growth of the sporangiophore can be 
considered as the r e s u l t o f i n t e g r a t e d r e a c t i o n s of the 
cytoplasmic organelles and compounds under a balanced-
s i t u a t i o n * The observations which were obtained by the 
present study* support a model f o r hyphal t i p growth 
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APPENDIX 
I„ F i x a t i v e s 
L A c e t i c a c i d ° A l c o h o l 
G l a c i a l a c e t i c a c i d 5 ml 
E t h y l a l c o h o l (100%) 15 ml 
2o Formalin - A c e t i c a c i d - A l c o h o l 
Commercial f o r m a l i n 10 ml 
(40% formaldehyde) 
G l a c i a l a c e t i c a c i d 15 ml 
E t h y l a l c o h o l (50%) 5 ml 
3o Formalin - A c e t i c a c i d 
Commercial fo r m a l i n 10 ml 
E t h y l a l c o h o l (50%) 5 ml 
4 0 Formalin A l c o h o l 
Commercial f o r m a l i n 10 ml 
E t h y l a l c o h o l (95%) 15 ml 
5„ Glutaraldehyde 
Glutaraldehyde 10 ml 
0.1 M Sodium phosphate 10 ml 
b u f f e r pH 7 
D i s t i l l e d water 80 ml 
6 0 4%_Glutaraldehyde 
Glutaraldehyde 40 ml 
0 o1 M Sodium phosphate 40 ml 
b u f f e r pH 7 
D i s t i l l e d water 20 ml 
2. P r e p a r a t i o n of Egg Albumin 
1 g& Sodium s a l i c y l a t e 
50 ml White of egg 
50 ml G l y c e r i n e 
D i s s o l v e sodium s a l i c y l a t e i n water, add the 
r e s t , mix and f i l t r a t e 
3„ Pre p a r a t i o n of S t a i n s 
lo Fuelgen s t a i n 
5 gm B a s i c f u c h s i n 
100 1 N h y d r o c h l o r i c a c i d 
5 gm Sodium metabisulphite 
2.5 gm A c t i v a t e d c h a r c o a l 
Mix the f u c h s i n i n 1000 ml b o i l i n g water and 
cool to 50°C o Add the h y d r o c h l o r i c a c i d and 
sodium metabisulphite and shake f o r 10 
minuteso Add the c h a r c o a l and s t o r e i n the 
dark f o r 24 hours, the f i l t r a t e was kept i n 
the dark u n t i l needed„ 
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2„ Pyronin y 
Ool gm Pyronin y was d i s s o l v e d i n 100 ml 
d i s t i l l e d water 
3„ T o l u i d i n e blue 
Ool mg T o l u i d i n e blue was d i s s o l v e d i n 
100 ml d i s t i l l e d water 
4 0 Methyl green 
0 o15 mg c r y s t a l l i z e d methyl green was 
d i s s o l v e d i n 100 ml d i s t i l l e d water 
5 0 A c r i d i n e orange 
Ool mg A c r i d i n e orange was d i s s o l v e d i n 
100 mg of Ool M phosphate b u f f e r pH 7 
6 0 Giemsa st a j l n 
Stock s o l u t i o n of Giemsa s t a i n was supplied 
from BDHo 1 ml of stock s o l u t i o n of s t a i n 
was d i l u t e d with 10 ml of 0 o l M phosphate 
b u f f e r pH 7o 
P r e p a r a t i o n of Sulphur Dioxide Water 
50 ml Sodium metabisulphite (10% s o l u t i o n ) 
+ 
50 ml 1 N h y d r o c h l o r i c a c i d 
+ 




A l l m a t e r i a l s used f o r s t a i n i n g were of BDH 
grade. M a t e r i a l s used f o r growth media f o r 
e x t r a c t i o n and e s t i m a t i o n Macromolecules were 
of Analar grade„ 
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